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ABSTRACT

Before disposing of transuranic radioactive wastes in the Waste Isolation
Pilot Plant (WIPP), the United States Department of Energy (DOE) must
evaluate compliance with applicable long-term regulations of the United
States Environmmental Protection Agency (EPA). Sandia National Laboratories
is conducting iterative performance assessments of the WIPP for the DOE to
provide interim guidance while preparing for final compliance evaluations.

This wvolume contains an overview of WIPP performance assessment and a
preliminary comparison with the long-term requirements of the Environmental
Radiation Protection Standards for Management and Disposal of Spent Nuclear
Fuel, High—-Level and Transuranic Radiocactive Wastes (40 CFR 191, Subpart B).
Detailed information about the technical basis for the preliminary
comparison is contained in Volume 2. The reference data base and values for

input parameters used in the modeling system are contained in Volume 3.
Uncertainty and sensitivity analyses related to 40 CFR 191B are contained in
Volume 4. Volume 5 contains uncertainty and sensitivity analyses of gas and
brine migration for undisturbed performance. Finally, guidance derived from
the entire 1992 performance assessment is presented in Volume 6.

Results of the 1992 performance assessment are preliminary, and are not
suitable for final comparison with 40 CFR 191, Subpart B. Portions of the
modeling system and the data base remain incomplete, and the level of
confidence in the performance estimates is not sufficient for a defensible
compliance evaluation. Results are, however, suitable for providing
guidance to the WIPP Project.



All results are conditional on the models and data used, and are presented
for preliminary comparison to the Containment Requirements of 40 CFR 191,
Subpart B as mean complementary cumulative distribution functions (CCDFs)
displaying estimated probabilistic releases of radionuclides to the
accessible environment. Results compare three conceptual models for
radionuclide transport in the Culebra Dolomite Member of the Rustler
Formation and two approaches to estimating the probability of inadvertent
human intrusion into the WIPP by exploratory drilling. The representation
for disposal-system performance believed to be most realistic includes
intrusion probabilities based on expert-panel judgment and dual-porosity
transport with chemical retardation. For intrusions occurring 1000 years
after decommissioning, the mean CCDF for this representation lies more than
one order of magnitude below the EPA limits. Using the same approach to
intrusion probabilities used in the 1991 performance assessment (i.e., not
taking expert judgment into account and basing the probability model on the
maximum intrusion probability indicated in Appendix B of 40 CFR 191, Subpart
B) significantly increases the probability of releases, regardless of the
model used for subsurface transport. Assuming the higher intrusion
probabilities and dual-porosity transport without chemical retardation, the
mean CCDF is approximately one order of magnitude below the EPA limits. For
the higher intrusion probabilities and single-porosity, fracture-only

transport, the mean CCDF is less than one order of magnitude below the EPA
limits.

This volume of the report should be referenced as:

WIPP PA (Performance Assessment) Department. 1992. Preliminary
Performance Assessment for the Waste Isolation Pilot Plant,
December 1992—Volume 1: Third Comparison with 40 CFR 191,

Subpart B. SAND92-0700/1. Albuquerque, NM: Sandia National
Laboratories.
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PREFACE

The Preliminary Performance Assessment for the Waste Isolation Pilot
Plant, December 1992 is currently planned to consist of six volumes. The
titles of the volumes are listed below. This report is the third in a
series of annual reports that document ongoing assessments of the predicted
long-term performance of the Waste Isolation Pilot Plant (WIPP); this
documentation will continue during the WIPP Test Phase. However, the Test
Phase schedule and projected budget may change; if so, the content of the
1992 Preliminary Performance Assessment report and its production schedule
may also change.

Volume 1: Third Comparison with 40 CFR 191, Subpart B

Volume 2: Technical Basis

Volume 3: Model Parameters

Volume 4: Uncertainty and Sensitivity Analyses for 40 CFR 191, Subpart B

Volume 5: Uncertainty and Sensitivity Analyses of Gas and Brine Migration
for Undisturbed Performance

Volume 6: Guidance to the WIPP Project from the December 1992 Performance
Assessment
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1. INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico, is a
research and development project of the United States Department of Energy
(DOE). The WIPP is authorized by Congress (Public Law 96-164, 1979) and is
designed as a full-scale, mined geologic repository to demonstrate the safe
management, storage, and disposal of transuranic (TRU) radioactive wastes
generated by DOE defense programs since 1970. In addition to TRU
radionuclides, the wastes may contain hazardous (nonradioactive)
constituents. Before permanently disposing of radioactive wastes in the
WIPP, the DOE must evaluate the repository based on various regulatory
criteria for disposal of all the waste components, and the United States
Environmental Protection Agency (EPA) must certify that compliance has been
satisfactorily demonstrated.

Performance assessments will form the basis for evaluations of
compliance with applicable long-term regulations of the EPA, including
regulations pertaining to both radiocactive and hazardous wastes (see
Section 1.2 for a discussion of applicable regulations). This volume
provides an overview of WIPP performance assessment and summarizes the
December 1992 preliminary comparison with 40 CFR Part 191, Subpart B, which
contains the long-term requirements of the Environmental Radiation
Protection Standards for Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes (US EPA, 1985). Results
presented here are preliminary and are not suitable for final comparison
with 40 CFR 191, Subpart B. Portions of the modeling system remain
incomplete, and the level of confidence in the performance estimates is not
sufficient for a defensible compliance evaluation. Results are suitable
for providing interim guidance to the WIPP Project as it prepares for a
final compliance evaluation.

Several DOE documents explain the relationship between long-term
regulatory information needs and the experimental programs that will fill

those needs. The WIPP Test Phase Plan (US DOE, 1990a, currently in

revision) contains descriptions of experimental programs related to
disposal room and drift systems (see also Section 2.4 of this volume and
Volumes 2 and 3 of this report), TRU-waste experiments, sealing systems and
rock mechanics, hydrology of and transport within the host rock for the
WIPP, and flow and transport in rock layers surrounding the WIPP. For each
experimental program, the document describes the relevant information needs
identified by performance assessments (defined in Section 3.3.1 of this
volume) and indicates how the program has been designed to fill those
needs.

1-1
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Chapter 1. Introduction

The technical needs for laboratory and field experiments involving TRU
and TRU-mixed waste and simulated waste have been assessed (US DOE, 1992a).
These tests are designed to provide information on two topics identified as
important for evaluating regulatory compliance: generation of gas from
degradation of TRU wastes (defined in Section 2.5.1 of this volume), and
the concentration of radionuclides and hazardous constituents within

disposal-room brine, both as dissolved species and as colloids.

Extensive laboratory and field studies conducted during the Site
Characterization Phase for the WIPP have provided information used to date
in performance assessments of the WIPP. References for these studies and
discussion of how their results are used in performance assessments are
provided in WIPP Test Phase Activities in Support of Critical Performance
Assessment (40 CFR 191 B) Information Needs (US DOE, 1992b), which is a
document prepared by the DOE for the National Academy of Sciences (NAS)
WIPP Panel (referred to in Section 1.1.1 of this volume), and in other
reports (Tyler et al., 1988; Lappin et al., 1989; US DOE, 1990a).

This report documents the third in a series of preliminary analyses of
predicted long-term performance of the WIPP that Sandia National
Laboratories (SNL) conducts for the DOE. Preparation for preliminary
performance assessments began with the December 1989 Draft Forecast of the
Final Report for the Comparison to 40 CFR Part 191, Subpart B for the Waste
Isolation Pilot Plant (Bertram-Howery et al., 1989) and Performance
Assessment Methodology Demonstration: Methodology Development for
Evaluating Compliance with EPA 40 CFR 191, Subpart B, for the Waste
Isolation Pilot Plant (Marietta et al., 1989). The 1990 report (Bertram-
Howery et al., 1990) and two supporting volumes (Rechard et al., 1990a;
Helton et al., 1991) presented preliminary results of evaluations that
addressed only the long-term performance criteria for disposal specified in
the radioactive-waste disposal standards (40 CFR 191, Subpart B, US EPA,
1985; see Chapter 3 and Appendix A of this volume). The 1991 version of
the report (WIPP PA Division, 199la,b,c; Helton et al., 1992) presented
preliminary evaluations for comparison with the regulatory requirements of
40 CFR 191, Subpart B. A preliminary safety assessment that evaluates

possible long-term consequences to the public health as a result of
radiocactive wastes emplaced in the WIPP is currently being prepared.

This 1992 report updates the preliminary results of the analyses
included in the 1991 version of the report. Where data and models are
available, the report presents preliminary results that preview a final
report. With respect to the disposal of radiocactive wastes, this 1992
report is a valid preview only to the extent that 40 CFR 191, Subpart B,

1-2



pry

© O N O O b~ W N

W WM NN DN NN NN 2 S s s a2

Description of the WIPP Project

which was promulgated by the EPA in 1985 and remanded by a U.S. Appeals
Court in 1987 (NRDC v. US EPA, 1987), is the same as the vacated 1985
version. This report treats the vacated portion of 40 CFR 191 as if it
were still effective because the DOE and the State of New Mexico have
agreed that compliance planning will continue on that basis until a new
Subpart B is promulgated (US DOE and State of New Mexico, 1981, as
modified). The Waste Isolation Pilot Plant Land-Withdrawal Act (Public Law
102-579, 1992), which mandates specific actions before the Test Phase for
the WIPP can begin (see Section 1.1 of this volume), reinstates those
portions of 40 CFR 191, Subpart B, that were not the subject of the 1987
remand and requires the EPA to repromulgate the regulation by April 30,
1993. The major quantitative requirement of the regulation addressed in
this volume of the report is among those reinstated, and the methodology
reported here has not been modified to reflect the EPA’s efforts to develop
a new Subpart B.

1.1 Description of the WIPP Project

The WIPP is located in semiarid rangeland in southeastern New Mexico.
The nearest major population center is Carlsbad (population 25,000 in the
1990 U.S. census), 42 km (26 mi) west of the WIPP (Figure 1-1). Two
smaller communities, Loving (population 1,500) and Malaga (population 150),
are about 33 km (20 mi) to the southwest. Population density closer to the
WIPP is very low; fewer than 30 permanent residents live within a 16-km
(10-mi) radius. The nearest residents live 5.6 km (3.5 mi) south of the
WIPP surface facility (US DOE, 1990b).

The surface of the land at the WIPP has been leased for cattle grazing.
None of the ranches within 10 miles use well water for human consumption
because the water contains large concentrations of total dissolved solids.
Potash, oil, and gas are the only known important mineral resources. The

surrounding area is used primarily for grazing, potash mining, and
hydrocarbon exploration and production (US DOE, 1990b).

The WIPP repository is in bedded salt about 655 m (2,150 ft) below the
land surface. The location was chosen because features of the regional and
local geologic and hydrologic environment are expected to provide excellent
natural barriers to radionuclide migration (see Chapter 2 of this volume
and Volume 2 of this report).

The Waste Isolation Pilot Plant Land Withdrawal Act (Public Law 102-579,
1992) transferred ownership of 16 square miles (41 km2) at the WIPP
(Figure 1-2) from the U.S. Bureau of Land Management to the DOE. The
boundary indicated as "WIPP" on illustrations in this volume is the



Chapter 1. Introduction

New Mexico

WIPP
4

Vd
7
/
/
/
//
/
// /
/ /
/s /
// /
v //
’ /
. //
New Mexico y
/ Lake
/ Avalon
/
/
/
/
/
wipp |,/
Carlsbad\c /
-
\\
~
~
\\
N ~o

TRI-6342-223-1

Figure 1-1. WIPP location map (after Bertram-Howery and Hunter, 1989a).

1-4



Description of the WIPP Project

R30E
R31E
)
6 5 4 3 2
12
7 8 9 10 1"
s 16 w
o
v Secured " N
/ Boundary =
24 : : :
19 + 20 21 3 22 v 23
: [
: [0
25 : (]
30 . ﬂ-m' 27 i 26
Aj 28
Underground’
Waste
36
31 Panels 32 33 34 ' 35
Land Withdrawal Boundary
1
6 5 4 3 2
12 @
7 8 9 10 11 {Q
'—
0 1 2 mi
1 1 )
— T T T
0 1 2 3km
TRI-6330-6-4

Figure 1-2. Position of the WIPP waste panels relative to WIPP boundaries
and surveyed section lines (US DOE, 1989).



-

© O N O O ~ WM

- A
w v = O

14

Chapter 1. Introduction

boundary of the land-withdrawal area. The legislation also outlined
requirements for the Test and Disposal Phases of the WIPP.

The WIPP Test Phase is scheduled to begin when the following criteria,
stated in the WIPP Land Withdrawal Act (Public Law 102-579, 1992, Section
6), are met: the final 40 CFR 191 regulation is issued and published in
the Federal Register; the EPA has determined that the DOE has complied with
the terms and conditions of the No-Migration Determination for the Resource
Conservation and Recovery Act (RCRA) (see Section 1.2 of this volume); the
EPA has approved the WIPP Test Phase plan and the waste-retrieval plan for
the Test Phase; the U.S. Department of Labor has approved training programs
for emergency response; the DOE has issued a plan to ensure the safety of
Test Phase activities, including using mined rooms that are supported to
assure safety during testing, and the Secretary of Labor has reviewed and
concurred with the plan; and the DOE has agreed to provide to the EPA
biennial performance-assessment reports during the Test Phase that document
the analyses of long-term performance of the WIPP. Only EPA-approved
transuranic waste in quantities no greater than 1/2 of 1 percent of the
total capacity of the WIPP may be emplaced during the Test Phase. Remote-
handled (RH) TRU waste (defined in Section 2.5.1 of this volume) may not be
emplaced during the Test Phase.

As stated in the WIPP Land Withdrawal Act (Public Law 102-579, 1992,
Section 7), the DOE may begin disposing of TRU waste in the WIPP when: the
EPA has certified that the WIPP facility will comply with 40 CFR 191; the
DOE has submitted to Congress plans for decommissioning the WIPP and post-
decommissioning management; 180 days have elapsed after notice to Congress
that the WIPP has met the provisions of 40 CFR 191, the Clean Air Act, the
Solid Waste Disposal Act, the Safe Drinking Water Act, the Toxic Substances
Control Act, the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980, and all other applicable Federal laws pertaining to
public health and safety or the environment (including the Resource
Conservation and Recovery Act, see Section 1.2.2); the DOE has acquired oil
and gas leases specified by the EPA; the DOE has submitted to Congress
comprehensive recommendations and a timetable for disposal of all DOE-

controlled transuranic waste; and the DOE has completed a survey that

identifies all TRU-waste types at all sites from which wastes are to be
shipped to the WIPP.

1.1.1 Participants

The DOE implements the WIPP Project through the WIPP Project Integration
Office (Albuquerque, NM), the WIPP Project Site Office (Carlsbad, NM), and
its Headquarters in Washington, DC. The WIPP Project Offices are assisted

1-6
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Description of the WIPP Project
Participants

by two prime contractors: Waste Isolation Division (WID) of Westinghouse
Electric Corporation (WEC) and Sandia National Laboratories (SNL). WID is
responsible for all facility operations and for compliance with management
and storage regulations. SNL, as the scientific program manager, is
responsible for developing an understanding of the processes and systems
that affect long-term isolation of wastes in the WIPP. That understanding
is applied by SNL to the evaluation of the long-term performance of the
repository. SNL defines and implements, subsequent to DOE approval,
experiments both in laboratories and at the WIPP. 1In addition, SNL
develops and applies models both to interpret experimental data and to
assess the performance of the repository.

Federal agencies that provide oversight during the Test and Disposal
Phases of the WIPP Project are the U.S. Mine Safety and Health
Administration; the U.S. Bureau of Mines; the Occupational Safety and
Health Administration; the National Institute for Occupational Safety and
Health; and the U.S. Nuclear Regulatory Commission, which oversees
transportation of waste to the WIPP.

The WIPP Land Withdrawal Act (Public Law 102-579, 1992) provides for
review of the assessment of long-term repository performance:

"The [DOE] shall publish, during the test phase, a biennial
performance assessment report, consisting of a documented analysis
of the long-term performance of WIPP. Each such report shall be
provided to the State [of New Mexico], the [EPA], the National
Academy of Sciences, and the EEG [Environmental Evaluation Group]
for their review and comment.

If, within 120 days of the publication of a performance
assessment report under [the previous] paragraph, the State, the
[EPA], the National Academy of Sciences, or the EEG provide written
comments on the report, the [DOE] shall submit written responses to
the comments to the State, the [EPA], the National Academy of

Sciences, and the EEG, and to other appropriate entities or persons
after consultation with the State, within 120 days of receipt of

the comments" (Public Law 102-579, 1992, Section 6).

The DOE and the State of New Mexico have an Agreement for Consultation
and Cooperation (US DOE and State of New Mexico, 1981, as modified). This
agreement enables the State, through the Radioactive Waste Consultation
Task Force and other agencies, to have an active part in assuring that
public safety issues are addressed fully. The New Mexico Environment

Department has authority concerning permitting in compliance with the RCRA
(see Section 1.2).
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Chapter 1. Introduction

The EPA’'s Office of Radiation and Indoor Air and Office of Solid Waste
and Emergency Planning maintain a dialog with the WIPP Project concerning
relevant issues. 1In addition, as explained in Section 1.1 of this volume,
the WIPP Land Withdrawal Act gave the Administrator of the EPA specified
responsibilities regarding approval of the Test and Disposal Phases for the
WIPP.

Review of the scientific basis for the WIPP Project is provided by the
National Research Council’s (of the National Academy of Sciences) Board on
Radioactive Waste Management’s WIPP Panel.

The Environmental Evaluation Group (EEG) has provided oversight of the
WIPP Project since before the WIPP's formal authorization in 1979. The EEG
is responsible for independent technical evaluation of the WIPP with regard
to the protection of public health and safety and the protection of the
environment. Assignment of the EEG to the New Mexico Institute of Mining
and Technology occurred with passage of the National Defense Authorization
Act (Public Law 100-456, 1988).

Written comments from these reviewers, if provided, and responses about
the annual performance assessment are published as Appendix B of this
volume.

1.1.2 Wastes

The TRU wastes for which the WIPP is designed are defense-program wastes
generated by United States government activities since 1970. The wastes
consist of laboratory and production materials contaminated by certain TRU
radionuclides and other radiocactive and hazardous constituents. If
approved, the following 10 DOE TRU-waste generator and/or storage sites are
scheduled to ship TRU wastes to the WIPP: Idaho National Engineering
Laboratory, Rocky Flats Plant, Hanford Reservation, Savannah River Site,
Los Alamos Natiomal Laboratory, Oak Ridge National Laboratory, Nevada Test
Site, Argonne National Laboratory-East, Lawrence Livermore National
Laboratory, and Mound Laboratory (US DOE, 1990c). More information about
the wastes scheduled for disposal in the WIPP are in Chapter 2 of this
volume and Volume 3 of this report.

1.2 Regulatory Criteria for the WIPP

The EPA regulations applicable to the long-term performance of the WIPP
include Subpart B of 40 CFR 191, promulgated in 1985 but remanded to the
EPA in 1987 for reconsideration, and the regulations implementing the

1-8
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Regulatory Criteria for the WIPP
Radioactive-Waste Disposal Standards (40 CFR 191)

Resource Conservation and Recovery Act (Public Law 94-580, 1976). The
Council on Environmental Quality promulgated the regulations for
implementing the National Environmental Policy Act (NEPA) (Public Law
91-190, 1970, as amended; US EPA, 1978); however, the EPA has the
responsibility for reviewing and publicly commenting on potential
environmental impacts of major federal actions. Additional requirements
are specified in the WIPP Land Withdrawal Act (see Section 1.1 of this
volume) .

1.2.1 Radioactive-Waste Disposal Standards (40 CFR 191)

The radioactive-waste disposal standards, 40 CFR Part 191—
Environmental Radiation Protection Standards for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radiocactive Wastes (US EPA,
1985), are divided into two subparts. Subpart A applies to a disposal
facility prior to decommissioning and limits annual radiation doses from
waste management and storage operations to members of the public in the
general environment. Subpart B applies after decommissioning and sets
probabilistic limits on cumulative releases of radionuclides to the
accessible environment (defined in Section 3.2.2 of this volume) for 10,000
yvears. Subpart B also sets probabilistic limits on both radiation doses to
members of the public in the accessible environment for 1000 years of
undisturbed performance (defined in Section 3.5 of this volume) and
radiocactive contamination of certain sources of groundwater within or near
the controlled area (defined in Section 3.2.3 of this volume) for 1000
years after disposal. The DOE must provide a reasonable expectation that
the WIPP will comply with the quantitative requirements of Subpart B of
40 CFR 191. Appendix A of 40 CFR 191 specifies how to determine release
limits; Appendix B of 40 CFR 191 provides nonmandatory guidance for
implementing Subpart B. The regulation is reproduced as Appendix A of this
volume, and the specific requirements of 40 CFR 191, Subpart B, are
discussed in Chapter 3 of this volume.

Volumes 1 through 4 of this report document the preliminary results of

the evaluations of the long-term performance of the WIPP for the third
comparison with the requirements of 40 CFR 191, Subpart B. The
quantitative evaluation of the long-term performance of the WIPP with
respect to Subpart B of 40 CFR 191 also forms the basis for safety
assessments and for uncertainty and sensitivity analyses to identify
parameters and processes that are important for evaluating transport of

nonradioactive hazardous wastes regulated under 40 CFR 268 (see Section
1.2.2).

1-9
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Chapter 1. Introduction

1.2.2 Resource Conservation and Recovery Act (RCRA)

The Resource Conservation and Recovery Act (RCRA) (Public Law 94-580,
1976) was enacted to provide management of hazardous wastes. The long-term
regulations promulgated for implementing the RCRA, specifically 40 CFR 268
(US EPA, 1986) for the WIPP, prohibit land disposal of specified hazardous
wastes, including volatile organic compounds and heavy metals, unless the
owner or operator of the facility petitions for a variance and successfully
demonstrates "to a reasonable degree of certainty, that there will be no
migration of hazardous constituents from the disposal unit or injection
zone for as long as the wastes remain hazardous" or the waste is treated in
accordance with applicable treatment standards (40 CFR 268.6(a), US EPA,
1986). Guidance provided by the EPA on the interpretation of this wording
indicates that "no migration" will be defined to be concentrations of
hazardous constituents below health-based or environmentally based levels
at the disposal-unit boundary (US EPA, 1992).

In March 1990, the DOE petitioned the EPA for a "no-migration"
determination for a Test Phase for the WIPP (US DOE, 1990d). The DOE
submitted the results of modeling to demonstrate, to a reasonable degree of
certainty, that the emplaced test wastes would not migrate from the
disposal unit during the WIPP Test Phase. The EPA issued a conditional
"no-migration" determination, for the WIPP Test Phase only, in November
1990 (US EPA, 1990a). 1In July 1990 the EPA authorized the State of New
Mexico to apply the RCRA regulations to facilities in the state that manage
radioactive mixed wastes (US EPA, 1990b). Evaluation strategies are
currently being developed for RCRA compliance after the Test Phase is
completed. Analyses have been initiated to support evaluations of long-
term compliance with the RCRA regulations at the WIPP (WIPP PA Department,
1992).

1.2.3 National Environmental Policy Act (NEPA)

The National Environmental Policy Act (NEPA) (Public Law 91-190, 1970,
as amended) is enforced by regulations that are not specific regulatory
guidelines, but contain a mandate for evaluating the environmental
consequences of all significant aspects of a project (US EPA, 1978). The
DOE has prepared several environmental impact statements (EISs) that have
addressed the predicted experimental, operational, and long-term behavior
of the repository (US DOE, 1979, 1980a, 1990c). 1In addition, the DOE has
committed to complete another supplemental EIS at or near the end of the
WIPP Test Phase, before disposal in the WIPP may begin. The potential
health risks posed by estimated groundwater releases of TRU radionuclides

1-10
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National Environmental Policy Act (NEPA)

and by direct removal of radionuclides to the surface as a result of
drilling have been assessed in the NEPA documentation for the WIPP.

The regulations that implement the NEPA do not specifically require
calculating doses of radionuclides to members of the public. However, the
WIPP Panel of the National Academy of Sciences, a panel that reviews the
scientific basis for the WIPP, has requested safety assessments that
present dose calculations for 10,000 years or peak arrival times of
radionuclides, whichever occurs first. In accordance with the WIPP Panel's
request, preliminary probabilistic safety assessments in which doses have
been calculated for hypothetical exposure pathways are part of the analyses
that evaluate long-term performance of the WIPP; safety assessments will be
prepared periodically.

1-11
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2. OVERVIEW OF THE DISPOSAL SYSTEM

The characteristics of the WIPP disposal system and its geologic
setting are described in detail in other reports (Powers et al., 1978a,b;
the WIPP Final Environmental Impact Statement [US DOE, 1980a]; Bechtel,
1986; Lappin et al., 1989; the WIPP Final Safety Analysis Report [US DOE,
1990b]; and the WIPP Supplement Environmental Impact Statement [US DOE,
1990c]). Additional detailed discussion is contained in Volumes 2 and 3 of
this report and references cited therein.

2.1 Physical Setting

The WIPP is located in southeastern New Mexico east of the Pecos River
and west of the high plains of West Texas, in a region of sand dunes known
locally as Los Medafios (The Dunes). Most dunes in the area are stabilized
by vegetation, and there is relatively little local topographic relief.
Major regional features (Figures 2-1 and 2-2) include Nash Draw, Laguna
Grande de la Sal, and the Pecos River.

The land surface within Los Medatios slopes gradually upward to the
northeast from Livingston Ridge on the eastern boundary of Nash Draw to a
low ridge called "The Divide." ©Nash Draw, 8 km (5 mi) west of the WIPP, is
a broad, shallow topographic depression with no external surface drainage.
Nash Draw extends northeast about 35 km (22 mi) from the Pecos River east of
Loving, New Mexico, to the Maroon Cliffs area. This feature is bounded on
the east by Livingston Ridge and on the west by Quahada Ridge.

Laguna Grande de la Sal, about 9.5 km (6 mi) west-southwest of the
WIPP, is a large playa about 3.2 km (2 mi) wide and 4.8 km (3 mi) long,
formed by coalesced collapse sinks that were created by dissolution of
evaporite deposits. In the geologic past, a relatively permanent, saline
lake occupied the playa. 1In recent history, however, the lake has undergone

numerous cycles of filling and evaporation in response to wet and dry

seasons, and effluent from the potash and oil and gas industries has
enlarged the lake.

The Pecos River, the principal surface-water feature in southeastern
New Mexico, flows southeastward, draining into the Rio Grande in western
Texas. At its closest point, the river is about 20 km (12 mi) southwest of
the WIPP. Surface drainage from the WIPP does not reach the river or its
ephemeral tributaries.
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Topographic map of the WIPP area (Bertram-Howery et al., 1990).
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2.2 Natural Resources

Potash, oil, and gas are the only known important mineral resources in
the vicinity of the WIPP. Estimates of the volumes and locations of these
resources are reported by US DOE (1980a).

About 56 productive o0il and gas wells are located within a radius of 16
km (10 mi) from the WIPP; the wells generally tap Pennsylvanian strata,
about 4,200 m (14,000 ft) deep. The hydrocarbon well closest to the land-
withdrawal boundary is about 3 km (2 mi) to the south-southwest of the waste
panels, and has produced natural gas since 1982 (Silva and Channell, 1992).
The surface location of the well is outside the land-withdrawal boundary,
but the borehole is slanted to withdraw gas from rocks below the WIPP
horizon within the boundary. Except for this well, resource extraction is
not allowed within the proposed land-withdrawal boundary.

Three potash mines and two associated chemical-processing plants are
located between 8 and 16 km (5 and 10 mi) from the WIPP (US DOE, 1990b). As
discussed further in Section 2.3 of this volume, potash-enriched beds are
found stratigraphically above the repository horizon; neither mining of
potash nor exploratory drilling for potash reserves reaches the repository
horizon. The nearest economically exploitable potash reserves are

approximately 1 km (0.6 mi) from the waste panels (Brausch et al., 1982;
Guzowski, 1991).

2.3 Summary of Regional Geology

Geologically, the WIPP is located in the Delaware Basin, which is an
elongated depression that extends from just north of Carlsbad, New Mexico,
southward into Texas (Figure 2-3). The basin covers over 33,000 kmZ (12,750

mi2) and is filled with sedimentary rocks to depths as great as 7,300 m
(24,000 ft) (Hills, 1984).

2.3.1. Geologic History

The geologic history of the Delaware Basin is described in more detail
elsewhere (Hiss, 1975; Powers et al., 1978a,b; Cheeseman, 1978; Williamson,
1978; Hills, 1984; Ward et al., 1986; Harms and Williamson, 1988; Volume 2,
Chapter 2 of this report). Rock units of the Delaware Basin representing
the Permian System through the Quaternary System are shown in Table 2-1.
Simplified stratigraphy at the WIPP is shown in Figure 2-4.
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Summary of Regional Geology
Geologic History

Table 2-1. Major Stratigraphic Divisions, Southeastern New Mexico

Erathem System Series Lithostratigraphic Unit Age Estimate (yr)
Quaternary Holocene Windblown sand
Pleistocene Mescalero caliche ~500,000
Gatuia Formation ~600,000+
Cenozoic
Pliocene
Ogallala Formation 5.5 million
Tertiary Miocene
24 million
Oligocene Absent in Southeastern
Eocene New Mexico
Paleocene
66 million
Cretaceous Upper Absent in Southeastern
New Mexico
Lower Detritus preserved
144 million
Mesozoic Jurassic Absent in Southeastern
New Mexico
208 million
Triassic Upper Dockum Group
Lower Absent in Southeastern
New Mexico
245 million
Ochoan Dewey Lake Red Beds
Upper Rustler Formation
Salado Formation
Castile Formation
Paleozoic  Permian
Guadalupian Capitan Limestone
and Bell Canyon
Formation
Lower
Leonardian Bone Springs
Wolfcampian Wolfcamp (informal)
286 million

Source: Modified from Bachman, 1987

The Delaware Basin began forming by crustal subsidence during the

Pennsylvanian Period, approximately 300 million years ago.

Relatively rapid

subsidence during the Early and mid-Permian, between approximately 286 and
260 million years ago, resulted in the deposition of a sequence of deep-

water sandstones, shales, and limestones rimmed by shallow-water limestone
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reefs (Figure 2-3). The thickest of the reef deposits, the Capitan
Limestone, is buried under younger rocks north and east of the WIPP but is
exposed at the surface in the Guadalupe Mountains to the west. Subsidence
slowed during the Late Permian; evaporite deposits of the Castile Formation
and the Salado Formation, which hosts the WIPP, filled the basin and
extended over the reef margins. FEvaporites, carbonates, and clastic rocks
of the Rustler Formation and the Dewey Lake Red Beds were deposited above
the Salado Formation before the end of the Permian Period.

Beginning with the Triassic Period and continuing to the present, the
geologic record for the area indicates long periods of nondeposition or
erosion. Those formations that are present are either relatively thin or
discontinuous and are not included in the performance assessment of the
WIPP. Near the repository, the older, Permian-age deposits below the Dewey
Lake Red Beds have not been affected by erosional processes during the past
250 million years (Lappin, 1988).

Minimal tectonic activity has occurred in the region since the Permian
Period (Hayes, 1964; Williamson, 1978; Hills, 1984; Powers et al., 1978a).
Faulting during the late Tertiary Period formed the Guadalupe and Delaware
Mountains along the western edge of the basin. The most recent igneous
activity in the area was during the mid-Tertiary Period about 35 million
years ago and is evidenced by a dike in the subsurface 16 km (10 mi)
northwest of the WIPP (Powers et al., 1978a,b). Major volcanic activity
last occurred more than 1 billion years ago during Precambrian time (Powers

et al., 1978a,b). None of these processes affected the Salado Formation at
the WIPP.

2.3.2 Stratigraphy and Geohydrology

The Bell Canyon Formation of the Delaware Mountain Group is the deepest
hydrostratigraphic unit being considered in the performance assessment
(Figure 2-4). Understanding hydrologic conditions in the Bell Canyon is
potentially important because oil and gas drilling into deeper Pennsylvanian

strata could first penetrate the WIPP and brine-saturated sandstones of the
Bell Canyon Formation. Available pressure data from wells indicate that
brine flow from the Bell Canyon Formation is not a likely mechanism for
radionuclide release (Volume 2, Section 2.2.1 of this report), however, and
the Bell Canyon Formation is not included explicitly in performance-
assessment modeling.
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Summary of Regional Geology
Stratigraphy and Geohydrology

The Castile Formation near the WIPP consists of anhydrite and lesser
amounts of halite. The Castile Formation is of interest because it contains
discontinuous reservoirs of pressurized brine that could affect repository
performance if penetrated by an exploratory borehole. Except where brine
reservoirs are present, permeability of the Castile Formation is extremely
low, and rates of groundwater flow are too low to affect the disposal system
within the next 10,000 years.

The 250-million-year-old Salado Formation, which hosts the repository,
is about 600 m (2,000 ft) thick and consists of the following three informal
members

* a lower member, which is mostly halite with lesser amounts of
anhydrite, polyhalite, and glauberite, with some layers of fine
clastic material. The unit is 296 to 354 m (960 ft to 1160 ft)
thick, and the WIPP repository is located within it, 655 m (2,150 ft)
below the land surface (Jones, 1978). Anhydrite layers near the WIPP
horizon that are modeled in performance assessment include Marker
Beds 138 and 139 and anhydrites A and B (Figure 2-5). Because
anhydrite is more brittle than halite, fracturing within these
interbeds has the potential to provide a pathway for gas and brine
(and, therefore, contaminants) to migrate from the repository

*+ a middle member, the McNutt Potash Zone, which is reddish-orange and
brown halite with deposits of sylvite and langbeinite from which
potassium salts are mined (Jones, 1978)

* an upper member, which is reddish-orange to brown halite interbedded
with polyhalite, anhydrite, and sandstone (Jones, 1978)

These lithologic layers are nearly horizontal at the WIPP, with a
regional dip of less than one degree. The Salado Formation has not been
disturbed by post-depositional processes in the WIPP area, and groundwater
flow within it is extremely slow because primary porosity and open fractures
are lacking in the plastic salt (Mercer, 1983). The formation is assumed to
be brine-saturated throughout the WIPP area, but low permeability allows for

little groundwater movement. The Salado Formation is discussed in more

detail in Volumes 2 and 3 of this report.

The Rustler Formation, the youngest formation of the Late Permian
evaporite sequence, includes units that provide potential pathways for
radionuclide migration away from the WIPP. The following five units of the
Rustler, in ascending order, have been described (Vine, 1963; Mercer, 1983):

* an unnamed lower member, composed mostly of fine-grained, silty
sandstones and siltstones interbedded with anhydrite west of the WIPP
but with increasing amounts of halite to the east
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Figure 2-5, Reference local stratigraphy near repository (after Munson et
al., 1989a, Figure 3-3; elevations from Bechtel, 1986).
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. the Culebra Dolomite Member, a microcrystalline, grayish dolomite or
dolomitic limestone with solution cavities containing some gypsum and
anhydrite filling

+ the Tamarisk Member, composed of anhydrite interbedded with thin
layers of claystone and siltstone, with some halite east of the WIPP

« the Magenta Dolom. : Member, a very-fine-grained, greenish-gray
dolomite with reddish-purple layers

+ the Forty-niner Member, consisting of anhydrite interbedded with a
layer of siltstone, with halite present east of the WIPP

Most groundwater flow in the Rustler Formation occurs in the Culebra
Dolomite and Magenta Dolomite Members. The intervening units (the unnamed
lower member, the Tamarisk Member, and the Forty-niner Member) are
considered aquitards because of their low permeability throughout the area.

Groundwater flow in the Culebra Dolomite Member near the WIPP is north
to south (see Volume 2, Chapter 2 of this report). Recharge apparently
occurs north of the WIPP, possibly at Bear Grass Draw where the Rustler
Formation is near the surface and at Clayton Basin where karst activity has
disrupted the Culebra Dolomite (Mercer, 1983). Discharge occurs west-
southwest of the WIPP, either into the Pecos River at Malaga Bend (Hale et
al., 1954; Hale and Clebsch, 1958; Havens and Wilkens, 1979; Mercer, 1983),
or into Cenozoic alluvium in the Balmorhea-Loving Trough, which is a series
of coalesced, lens-shaped solution troughs formed by an ancestral Pecos
River, or into both (Brinster, 1991). Culebra water near the WIPP contains
large concentrations of total dissolved solids (Siegel et al., 1991).
Currently, no wells in the WIPP vicinity produce water from the Culebra for
human consumption. The nearest well that has produced water from the

Culebra for livestock is 6 km (4 mi) from the waste panels (Bodine et al.,
1991).

Small amounts of water can be produced from the Magenta Dolomite Member
from a thin, silty dolomite, along bedding planes of rock units, and along
fractures (Mercer, 1983). Regionally, the direction of groundwater flow is
similar to that in the Culebra, either toward Malaga Bend or more directly
southward to the Balmorhea-Loving Trough. Near the WIPP, available well
data indicate that flow in the Magenta is locally from east to west,
perpendicular to flow in the Culebra (see Section 2.2.3.6 of Volume 2 of
this report). No wells in the WIPP vicinity produce water from the Magenta
for human or livestock consumption.
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Chapter 2. Overview of the Disposal System

Overlying the Rustler Formation are the Dewey Lake Red Beds, which are
the youngest Permian rocks and which consist of alternating layers of
reddish-brown, fine-grained sandstone and siltstone cemented with calcite
and gypsum (Vine, 1963). Several wells in the WIPP area produce small
amounts of water from the Dewey Lake Red Beds for livestock (Cooper and
Glanzman, 1971). The closest such well is at the J.C. Mills (James) Ranch,
4 km (2.5 mi) south of the waste panels. In general, however, the unit is
not a productive source of water; drilling has identified only a few

localized zones of relatively high permeability (Mercer, 1983; Beauheim,
1987a).

From the WIPP eastward, the Dewey Lake Red Beds are unconformably
overlain by Triassic rocks of the undifferentiated Dockum Group (Figure
2-4). The lower Dockum is composed of poorly sorted, angular, coarse-
grained to conglomeratic, thickly bedded clastic material interfingering
with shales. At the WIPP, the unit is relatively thin (approximately 10 m
[33 ft] thick), and unsaturated. Further east, where the Triassic rocks are
thicker, they are the chief source of water for domestic and livestock use
in eastern Eddy County and western Lea County (Nicholson and Clebsch, 1961;
Richey et al., 1985). Recharge to the Triassic rocks is mainly downward
flow from overlying alluvium.

No rocks of Jurassic or Cretaceous age are present east of the Pecos
River near the WIPP. The Tertiary Period is represented by a thin remnant
of the Ogallala Formation at The Divide west of San Simon Swale. The
Quaternary Period is represented by discontinuous sandstones and
conglomerates of the Gatuna Formation, the informally named Mescalero

caliche, and localized accumulations of alluvium and dune sands (Bachman,
1980, 1984; Mercer, 1983).

2.4 Repository/Shaft System

The WIPP repository is about 655 m (2,150 ft) below the land surface in
bedded salt of the Salado Formation. Present plans call for mining eight

panels of seven rooms each and two equivalent panels in the central drifts
(Figure 2-6 and 2-7). As each panel is filled with waste, the next panel
will be mined. Before the repository is closed permanently, each panel will
be backfilled and sealed, waste will be placed in the drifts between the
panels and backfilled, to create two additional panel volumes, and access
ways will be sealed off from the shafts. Because the WIPP is a research and
development facility, an extensive experimental area is also in use north of
the waste-disposal area (US DOE, 1990a). Additional information on the
repository design is in Volumes 2 and 3 of this report.
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Dept., 1987).
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2.5 Waste

As noted in Section 1.1.2 of this volume, the WIPP is designed for
transuranic waste generated by United States government defense-related
activities since 1970. The waste consists of laboratory and production
materials such as glassware, metal pipes, sorbed or solidified spent
solvents, disposable laboratory clothing, cleaning rags, and solidified
sludges. Along with other contaminants, the waste is contaminated by alpha-
emitting transuranic (TRU) elements with atomic numbers greater than 92
(uranium), half-lives greater than 20 years, and curie contents greater than
100 nCi/g. Additional contaminants include other radionuclides of uranium
and several contaminants with half-lives less than 20 years. Approximately
60 percent of the TRU waste may be co-contaminated with hazardous
constituents as defined under the Resource Conservation and Recovery Act
(RCRA). The waste scheduled for disposal in the WIPP is described in more
detail in Volume 3 of this report.

In accordance with DOE Order 5820.2A (US DOE, 1990a), heads of DOE
Field Organizations can determine that other alpha-contaminated wastes,
peculiar to a specific waste-generator site, must be managed as TRU wastes.
The WIPP Waste Acceptance Criteria (WAC) determine which TRU wastes will be
accepted for emplacement in the WIPP (US DOE, 199la). Under current plans,
most TRU waste generated since 1970 will be disposed of in the WIPP, but
some will be disposed of on-site at other DOE facilities. Inventories of
the waste to be disposed of in the WIPP are in Volume 3 of this report.

2.5.1 Waste Form

Alpha-emitting TRU waste, although dangerous if inhaled or ingested, is
not dangerous externally and can be handled safely if confined in a sealed
container. Most of the waste, therefore, can be contact handled (CH)
because the external dose rate (200 mrem/h or less) permits people to handle
properly sealed drums and boxes without any special shielding. The only
containers that can currently be shipped to the WIPP in a TRUPACT-II truck-
transport container (NuPac, 1989) are 55-gallon steel drums, metal standard
waste boxes (SWBs), 55-gallon drums overpacked in an SWB, and an
experimental bin overpacked in an SWB (US DOE, 1990c). Additional
information on waste containers is in Volume 3 of this report.

A portion of the TRU waste must be remotely handled (RH). Because the
surface dose rate exceeds 200 mrem/h, the waste canisters must be packaged
for handling and transportation in specially shielded casks. The surface
dose rate of RH-TRU canisters cannot exceed 1,000 rem/h, and no more than 5
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Chapter 2. QOverview of the Disposal System

percent of the canisters can exceed 100 rem/h. RH-TRU waste in canisters
will be emplaced in holes drilled into the walls of the rooms (US DOE,
1990b) .

As stated in the WIPP Land Withdrawal Act (Public Law 102-579, 1992),
the WIPP's current design capacity for all radionuclides is 6.2 million ft3
(approximately 175,600 m3), of which no more than 5.1 million curies (Ci)
may be RH-TRU waste. The complex analyses for evaluating regulatory
compliance require knowledge of the waste inventory. Therefore, all
analyses will be based on current projections of a design volume inventory,
estimated at about 532,500 drums and 33,500 boxes of CH-TRU waste (WIPP PA
Division, 1991c). The wastes are classified as either retrievably stored or
newly generated (future generated). Additional information on inventory
estimates is in Volume 3 of this report.

A hazardous constituent of CH-TRU waste is lead that is present as
incidental shielding, glovebox parts, and linings of gloves and aprons.
Trace quantities of mercury, barium, chromium, silver, and cadmium have also
been reported (US DOE, 1990d). Estimates of the quantities of metals and
combustibles are discussed in Volume 3 of this report. Sludges may contain
a solidifier (such as cement), absorbent materials, inorganic compounds,
complexing agents, and organic compounds including oils, solvents, alcohols,
emulsifiers, surfactants, and detergents. The WAC (US DOE, 199la) waste-
form requirements state that the waste material shall be immobilized if
greater than 1 percent by weight is particulate material less than 10
microns iIn diameter or if greater than 15 percent by weight is particulate
material less than 200 microns in diameter. Only residual liquids in well-
drained containers (e.g., bottles, cans, etc.) in quantities less than
approximately 1 percent of the container's volume are allowed. The total
liquid shall be less than one volume percent of the waste container (e.g.,
drum or SWB). Radionuclides in pyrophoric form are limited to less than 1
percent by weight of the waste package, and no explosives or compressed
gases are allowed. These hazardous constituents are not regulated under 40
CFR Part 191, but some are regulated separately by the EPA and New Mexico
under the Resource Conservation and Recovery Act (RCRA). Many of these
chemicals (hazardous and nonhazardous), if present in significant
quantities, could affect the ability of radionuclides to migrate out of the
repository by influencing rates of degradation of the organics, microbial
activity, and gas generation. The effects of these processes are being
studied.
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2.5.2 Radionuclide Inventory

The radionuclide composition of CH- and RH-TRU waste varies depending
upont the facility and process that generate the waste. An estimate of the
CH- and RH-TRU radionuclide inventories is in Volume 3 of this report.

The fissile material content in equivalent grams of plutonium-239
allowed by the WAC for CH-TRU waste is less than 200 g for a 55-gallon drum
and less than 25 g for a SWB. It is expected that the fissile material for
TRU waste in a remotely handled cask will be limited to less than 325 g (US
DOE, 1991a).

As discussed further in Section 3.3.2 of this volume, the EPA has set
cumulative release limits in curies per 10,000 years for isotopes of
americium, carbon, cesium, iodine, neptunium, plutonium, radium, strontium,
technetium, thorium, tin, and uranium, as well as for certain other
radionuclides (Appendix A of 40 CFR 191, Subpart B). Although the initial
WIPP inventory contains little or none of some of the listed nuclides, they
will be produced as a result of radioactive decay and must be accounted for
in the compliance evaluation. Moreover, for compliance with the Individual
Protection Requirements of 40 CFR 191, Subpart B, any radionuclides not
listed in Appendix A must be accounted for if those radionuclides could
contribute to doses.

2.5.3 Possible Modifications to Waste Form

If ongoing research does not establish sufficient confidence in
acceptable performance or indicates a potential for unacceptable
performance, modifications to the waste form or backfill could be required.
SNL has conducted preliminary research on possible modifications (Butcher,
1990). The Engineered Alternatives Task Force (EATF) identified specific
alternatives, ranked alternatives according to specific feasibility
criteria, and recommended further research (US DOE, 1990e, 1991b). The DOE
will make decisions about testing and, if necessary, implementing
alternatives based on the recommendations of the EATF and performance-
assessment considerations provided by SNL.
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3. APPLICATION OF 40 CFR PART 191, SUBPART B,
TO THE WIPP

The radiocactive-waste disposal regulations, 40 CFR Part 191—
Environmental Radiation Protection Standards for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes (US EPA,
1985), referred to in this volume of the report as the Standard, are
divided into two subparts.

Subpart A limits the radiation doses that may be received by members of
the public in the general enviromment (see Section 3.2.2 of this volume),
as a result of management and storage of TRU wastes at DOE disposal
facilities not regulated by the Nuclear Regulatory Commission (NRC).
Subpart A requires that "the combined annual dose equivalent to any member
of the public in the general environment resulting from discharges of
radioactive material and direct radiation from such management and storage
shall not exceed 25 millirems to the whole body and 75 millirems to any
critical organ" (§ 191.03(b)). Subpart A does not apply to long-term
disposal of radioactive wastes. Subpart A is discussed in the Technical
Needs Assessment report (US DOE, 1992a), and in the "Test Phase Plan"
currently being prepared by the DOE. Except for discussion of a few terms
that are important in understanding Subpart B, Subpart A is not considered
further in this report.

Subpart B of the Standard (Figure 3-1) specifies probabilities of
cumulative releases of radionuclides to the accessible environment (see
Section 3.2.2 of this volume) for 10,000 years (Containment Requirements,
§ 191.13) and annual radiation dose limits to members of the public in the
accessible environment for 1000 years (Individual Protection Requirements,
§ 191.15) as a result of TRU-waste disposal. Actions and procedures are
required to increase confidence that the probabilistic release limits
specified in the Containment Requirements will be met (Assurance
Requirements, § 191.14). Radioactive contamination of certain sources of

groundwater near the WIPP disposal system from such TRU wastes is also

regulated (Groundwater Protection Requirements, § 191.16), if any of these
sources of groundwater are found to be present (US DOE, 1989). Each of the
four requirements of Subpart B and their method of evaluation by the WIPP
Project are discussed in this chapter.

Subpart B of the Standard was vacated and remanded to the EPA by the
United States Court of Appeals for the First Circuit in July 1987
(NRDC v. US EPA, 1987). A proposed revision of the Standard was prepared
for discussion within the EPA in February 1992. The WIPP Land Withdrawal
Act (Public Law 102-579, 1992) reinstated those portions of the 40 CFR 191,

3-1
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Figure 3-1.

Application of 40 CFR Part 191, Subpart B, to the WIPP
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Graphical representation of Subpart B of 40 CFR Part 191—
Environmental Radiation Protection Standards for Management and

Disposal of Spent Nuclear Fuel, High-Level and Transuranic

Radioactive Wastes (after US DOE, 1989). The overlapping of

the Assurance Requirements with the Containment Requirements
indicates that the Assurance Requirements specify actions and
procedures to increase confidence that the probabilistic
release limits in the Containment Requirements will be met.
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Guidance for Implementation of the Standard

Subpart B that were not the subject of the remand, and requires the EPA to
repromulgate the standard by April 30, 1993, with appropriate revisions to
§191.15 and §191.16. The Second Modification to the Consultation and
Cooperation Agreement (US DOE and State of New Mexico, 1981, as modified)
commits the WIPP Project to proceed with compliance planning using the
Standard as first promulgated until a revised Standard becomes available.
Therefore, this report discusses the Standard as first promulgated.
Compliance plans for the WIPP will be revised as necessary in response to
changes in the Standard resulting from the repromulgation. The current DOE
approach to compliance with the Standard is described in the WIPP
Compliance Strategy (US DOE, 1989; also see US DOE, 1990d). Additional
discussion of some aspects of the current compliance approach is in the
Technical Needs Assessment report (US DOE, 1992a), and in the "Test Phase
Plan" currently being prepared by the DOE.

The full text of the Standard is reproduced as Appendix A of this
volume.

3.1 Guidance for Implementation of the Standard

Appendix B of the Standard is EPA's guidance to the implementing agency
(in this case, the DOE). Although it is not formal regulatory criteria
within the Standard, Appendix B describes the EPA’s assumptions regarding
the implementation of Subpart B. In the supplementary information
published with the Standard, the EPA states that it intends the guidance to
be followed:

"...Appendix B...describes certain analytical approaches and
assumptions through which the [EPA] intends the various long-term
numerical standards of Subpart B to be applied. This guidance is
particularly important because there are no precedents for the
implementation of such long-term environmental standards, which
will require consideration of extensive analytical projections of
disposal system performance" (US EPA, 1985, p. 38069).

The EPA based Appendix B on analytical assumptions it used to develop
the technical basis for the numerical disposal standards. Thus, the EPA
"believes it is important that the assumptions used by the [DOE] are
compatible with those used by EPA in developing this rule. Otherwise,
implementation of the disposal standards may have effects quite different
than those anticipated by EPA" (US EPA, 1985, p. 38074).
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

3.2 Terminology

The concept of "site" is integral to limits established by Subparts A
and B for releases of radionuclides from the repository, during disposal,
decommissioning, and post-closure phases. "Site" is used differently in
the two subparts. The differences in the meaning of "site" for the two
subparts must be understood in order to avoid confusion in applying the
Standard to the WIPP. The definitions of "general environment,"
"accessible environmment," and "controlled area," which are also important
in assessing compliance with the Standard, depend on the definition of
"site." "Site" has also been used generically for many years by the waste-
management community (e.g., in the phrases "site characterization" or "site
specific"); few uses of the word correspond to either of the EPA's usages
in the Standard (Bertram-Howery and Hunter, 1989a; also see US DOE, 1989).
Other terms that are important in understanding the application of the
Standard to the WIPP also are explained in this section.

3.2.1 "Site"

The "site" as defined for Subpart A is "an area contained within the
boundary of a location under the effective control of persons possessing or
using...radioactive waste that are involved in any activity, operation, or
process covered by this Subpart" (§ 191.02(n)). Site for the purposes of
Subpart A of the WIPP is the secured-area boundary shown in Figure 1-2.
This area will be under the effective control of the security force at the
WIPP, and only authorized persons will be allowed within the boundary
(US DOE, 1989). 1In addition, the DOE has control over the area contained
within the land-withdrawal boundary, designated by the U.S. Congress
(Public Law 102-579, 1992) as the 16 sections (16 mi? [41 kmz]) shown in
Figure 1-2. The land-withdrawal boundary is referred to in the agreement
with New Mexico (US DOE and State of New Mexico, 1981, as modified) and in
the WIPP Final Safety Analysis Report (US DOE, 1990b) as the "WIPP site
boundary." Control by the DOE prohibits habitation within the land-
withdrawal boundary. Consequently, for the purposes of assessing
operational doses to nearby residents for Subpart A, the assumption can be

made that no one lives closer than the latter boundary (Bertram-Howery and
Hunter, 1989a).

The term "disposal site" is used frequently in Subpart B and in
Appendix B of the Standard, although it is not defined in the regulation.
The site for the purposes of Subpart A and the "disposal site" for the
purposes of Subpart B are not the same. For the purposes of the WIPP
strategy for compliance with Subpart B, the "disposal site" and the
"controlled area" (defined in Section 3.2.3) are the same (US DOE, 1989).
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Terminology
“Controlied Area”

The boundary indicated as "WIPP" on illustrations in this volume is the
boundary of the land-withdrawal area and is the same as the "controlled
area" boundary used in the 1992 preliminary performance assessment of the
WIPP. The subsurface projection of the land-withdrawal boundary within the
Salado Formation also forms the lateral boundary of the disposal-unit for
evaluating compliance with 40 CFR 268.6 (US EPA, 1990a).

3.2.2 "General Environment" and "Accessible Environment"

The term "general environment" is used in Subpart A and is defined as
the "total terrestrial, atmospheric, and aquatic environments outside sites
within which any activity, operation, or process associated with the
management and storage of...radioactive waste is conducted" (§ 191.02(0)).
"Accessible environment" is used in Subpart B and is defined as "...(l) the
atmosphere; (2) land surfaces; (3) surface waters; (4) oceans; and (5) all
of the lithosphere that is beyond the controlled area" (see Section 3.2.3)
(§ 191.12(k)).

3.2.3 “Controlled Area"
The "controlled area" as defined in Subpart B of the Standard is

"(1) A surface location, to be identified by passive institutional
controls, that encompasses no more than 100 square kilometers and
extends horizontally no more than five kilometers in any direction
from the outer boundary of the original location of the
radioactive wastes in a disposal system; and (2) the subsurface
underlying such a surface location" (§ 191.12(g)).

The controlled area is limited to the lithosphere and the surface within
no more than 5 km (approximately 3 mi) from the outer boundary of the WIPP
waste-emplacement panels. The boundary of this maximum-allowable
controlled area does not coincide with the secured-area boundary
(Figure 1-2) or with the land-withdrawal boundary (Figure 3-2). According
to the definition of "accessible environment," the surface of the
controlled area is in the accessible enviromment; the underlying subsurface
of the controlled area is not part of the accessible environment
(Figure 3-2). Any radionuclides that reached the surface would be subject
to the limits, as would any that reached the lithosphere outside the
subsurface portion of the controlled area.

The surface of the controlled area is to be identified by passive

institutional controls, including permanent markers designating the
"disposal site." Additional passive institutional controls are public
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Not to Scale

Repository/
Shaft System

40 CFR 191
Accessible Environment

40 CFR 268
Disposal Unit

TRI-6330-7-9

Figure 3-2. Artist’s concept of the WIPP disposal system showing the
controlled area and accessible environment for 40 CFR 191,
Subpart B, and the repository/shaft system. The
repository/shaft system scale is exaggerated. On the land
surface, the land-withdrawal boundary is shown at the same
scale as the maximum extent of the controlled area (modified
from Bertram-Howery and Hunter, 1989b). The disposal-unit
boundaries for 40 CFR 268 for the WIPP Test Phase are shown for
reference (US EPA, 1990a).
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Containment Requirements

records, government ownership, and other methods of preserving knowledge
about the disposal system (see Section 3.2.4). Permanent markers and other
passive institutional controls are intended to indicate the dangers of the
wastes and their location (§ 191.12(e); § 191.12(g)).

3.2.4 "Disposal System" and "Barriers"

The Standard defines "disposal system" to mean "any combination of
engineered and natural barriers that isolate...radiocactive waste after
disposal" (§ 191.12(a)). Additionally,

"‘[blarrier’ means any material or structure that prevents or
substantially delays movement of water or radionuclides toward the
accessible environment. For example, a barrier may be a geologic
structure, a canister, a waste form with physical and chemical
characteristics that significantly decrease the mobility of
radionuclides, or a material placed over and around waste,
provided that the material or structure substantially delays
movement of water or radionuclides" (§ 191.12(d).

For the WIPP, the disposal system is the combination of the engineered
barriers of the repository/shaft system and the natural barriers of the
"disposal site" (Figure 3-2) that isolate the wastes from the accessible
environment. The engineered barriers are seals in drifts and panel
entries’ backfill in drifts and panels, seals in shafts, and plugs in
boreholes. Engineered modifications to the repository design could include
making the waste itself form a barrier. Natural barriers are the
subsurface geologic and hydrologic systems within the controlled area that
inhibit release and migration of hazardous materials. Barriers are not
limited to the examples given in the Standard’s definition, nor are those
examples mandatory for the WIPP. As recommended by the EPA in Appendix B,
"...reasonable projections for the protection expected from all of the
engineered and natural barriers...will be considered" (US EPA, 1985,

p. 38088). No portion will be disregarded, unless that portion of the
system makes a "negligible contribution to the overall isolation provided"
by the WIPP (US DOE, 1989).

3.3 Containment Requirements

The primary objective of Subpart B is "to isolate most of the wastes
from man’'s environment by limiting long-term releases and the associated
risks to populations" (US EPA, 1985, p. 38070). This objective is
reflected quantitatively in the Containment Requirements (§ 191.13).
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

3.3.1 Performance Assessment

Quantitatively evaluating compliance with the Containment Requirements
requires a performance assessment, which has specific meaning within the
Standard:

"'Performance assessment’ means an analysis that: (1) identifies
the processes and events that might affect the disposal system;
(2) examines the effects of these processes and events on the
performance of the disposal system; and (3) estimates the
cumulative releases of radionuclides, considering the associated
uncertainties, caused by all significant processes and events.
These estimates shall be incorporated into an overall probability
distribution of cumulative release to the extent practicable"

(§ 191.12(q)).

Identification of processes and events that might affect the disposal
system is part of scenario development and screening for the WIPP and is
discussed in Chapter 4 of this volume and Volume 2 of this report.
Examining the effects of the processes and events and estimating cumulative
releases of radionuclides are part of the performance-assessment
consequence modeling and are also discussed in Chapter 4 of this volume and
Volume 2 of this report.

The Containment Requirements state that performance must be measured in
probabilistic terms. The allowable radionuclide release is not a single,
fixed quantity, but rather is a function of the probability that the events
and parameter values that contribute to the release will occur (Bertram-
Howery and Swift, 1990). Specifically,

"cumulative releases of radionuclides to the accessible environment
for 10,000 years after disposal from all significant processes and
events that may affect the disposal system shall:

(1) Have a likelihood of less than one chance in 10 of
exceeding the quantities calculated according to Table 1
(Appendix A) [see Section 3.3.2 of this volume], and

(2) Have a likelihood of less than one chance in 1,000 of

exceeding ten times the quantities calculated according to Table 1
(Appendix A) [see Section 3.3.2 of this volume]" (§ 191.13(a)).

Numerical limits have been placed not on the predicted cumulative
radionuclide releases, but rather on the probability that cumulative
releases will exceed quantities calculated as prescribed.

With the minor modifications of a 1000-year time period and the addition
of a water withdrawal well to provide a potential pathway for radionuclides
to reach humans, the performance-assessment methodology developed for the
Containment Requirements can be used to assess compliance with undisturbed
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Release Limits

performance for the Individual Protection Requirements (see Section 3.5 and
Chapter 4 of this volume). This volume will refer to the assessment of
compliance with both § 191.13(a) of the Containment Requirements and the

Individual Protection Requirements as the "performance assessment."

3.3.2 Release Limits

Appendix A of the Standard establishes release limits for all regulated
radionuclides. Table 1 in that appendix gives the limit for cumulative
releases to the accessible environment for 10,000 years after disposal for
each radionuclide per unit of waste. Note 1l(e) to Table 1 defines the unit
of waste as an amount of TRU wastes containing one million curies of alpha-
emitting transuranic radionuclides with half-lives greater than 20 years.
Note 2(b) describes how to develop release limits for a TRU-waste disposal
system by determining the waste-unit factor, which is the inventory (in
curies) of transuranic alpha-emitting radionuclides in the wastes with
half-lives greater than 20 years, divided by one million curies, where
transuranic is defined as radionuclides with atomic weights greater than 92
(uranium). Consequently, as currently defined in the Standard, all
radiocactivity in the wastes cannot be included when calculating the waste-
unit factor, and release limits are lower than they would be if the waste-
unit factor were based on the entire inventory. For the WIPP, 4.3 x 106
curies of the 1992 radiocactivity design total of 10.0 x 106 curies are
estimated to come from transuranic alpha-emitting radionuclides with half-
lives greater than 20 years (memorandum by Peterson in Volume 3, Appendix A
of this report). This number is based on the design radionuclide
inventories by waste generator for contact-handled (CH) and remotely
handled (RH) TRU wastes (see memorandum by Peterson in Volume 3, Appendix A
of this report). By definition, isotopes of uranium (atomic weight of 92)
and those that are short-lived (half-lives less than 20 years) cannot be
included in determining the waste-unit factor. The most important such
isotope for the WIPP is Pu-241, which has a half-life of 14.4 years (see
Volume 3 of this report). Although Pu-241 and other isotopes in the design
radionuclide inventories cannot be included in calculating the waste-unit

factor, performance assessments for the WIPP do consider these
radionuclides and their decay products in consequence calculations.

Note 6 of Table 1 in the Standard’s Appendix A describes the manner in
which the release limits are to be used to determine compliance with
§ 191.13(a): for each radionuclide released, the ratio of the estimated
cumulative release to the release limit for that radionuclide must be

determined; ratios for all radionuclides are then summed for comparison to
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

the requirements of § 191.13(a). Thus, the quantity of a radionuclide that
may be released depends on the quantities of all other radionuclides
projected to be released but cannot exceed its own release limit. The
summed normalized release cannot exceed 1 for probabilities greater than
0.1, and cannot exceed 10 for probabilities greater than 0.001 but less
than 0.1 (§ 191.13(a)). Potential releases estimated to have probabilities
less than 0.001 are not limited (§ 191.13(a)). Calculation methods for
summed normalized releases are described in more detail in Volume 2 of this
report.

3.3.3 Human Intrusion

Determining compliance with the Standard requires performance
assessments that include the probabilities and consequences of disruptive
events. Appendix B of the Standard indicates that "inadvertent and
intermittent intrusion by exploratory drilling for resources ... can be the
most severe intrusion scenario assumed by the [DOE]" (US EPA, 1985,

p. 38089).

In the Second Modification to the Consultation and Cooperation Agreement
(US DOE and State of New Mexico, 1981, as modified), the DOE agreed to
prohibit further subsurface mining, drilling, slant drilling under the
withdrawal area, or resource exploration unrelated to the WIPP Project from
the land surface to 6000 feet (1830 m) in the subsurface for the 16 square
miles under DOE control. The Standard limits reliance on future
institutional control in that "performance assessments... shall not
consider any contributions from active institutional controls for more than
100 years after disposal” (§ 191.14(a)). The Standard further requires
that "disposal sites shall be designated by the most permanent markers,
records, and other passive institutional controls practicable to indicate
the dangers of the wastes and their location" (§ 191.14(c)). The
possibility of inadvertent human intrusion into repositories in salt
formations during resource evaluation must be considered, and the use of
passive institutional controls to deter such intrusion should be "taken

into account" in performance assessments (US EPA, 1985, p. 38080).

The EPA gives specific guidance in Appendix B of the Standard for
considering inadvertent human intrusion. The EPA indicates that omnly
realistic possibilities for human intrusion that may be mitigated by
design, site selection, and passive institutional controls need be
considered. Additionally, the EPA assumes that passive institutional
controls should "...reduce the chance of inadvertent intrusion compared to
the likelihood if no markers and records were in place." Exploring for

subsurface resources requires extensive and organized effort. Because of
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this effort, information from passive institutional controls is likely to
reach resource explorers and deter intrusion into the disposal system

(US EPA, 1985, p. 38080). 1In particular, as long as passive institutional
controls "endure and are understood," the guidance states that they can be
assumed to deter "systematic or persistent exploitation" of the disposal
site, and furthermore, "can reduce the likelihood of inadvertent,
intermittent human intrusion." The EPA indicates in Appendix B of the
Standard that exploratory drilling for resources is the most severe
intrusion that must be considered (US EPA, 1985, p. 38089). Because of the
Standard’s emphasis on exploratory drilling for resources as the most
severe type of human intrusion to be considered at a disposal site, mining
within the controlled area has not been included in performance assessment
for the WIPP (Guzowski, 1990). Mining outside the WIPP boundary was
retained for scenario development because of the possible effects on
recharge and groundwater flow of subsidence over mined areas (Guzowski,
1990; Guzowski and Helton, 1991, Section 4.1.4). Consequences of such
potash mining have not yet been included in performance-assessment modeling
and will be addressed in future analyses when a three-dimensional model for
regional groundwater flow is available.

Effects of site location, repository design, and passive institutional
controls can be used in judging the likelihood and consequences of
inadvertent drilling intrusion. The EPA suggests in Appendix B of the
Standard that intruders will soon detect or be warned of the
incompatibility of their activities with the disposal site by their own

exploratory procedures or by passive institutional controls (US EPA, 1985,
p. 38089).

Appendix B specifies that credit for using active institutional controls
to prevent or reduce radionuclide releases cannot be taken for more than
100 years after decommissioning (US EPA, 1985, p. 38088). In previous
performance assessments (Bertram-Howery et al., 1990; WIPP PA Division,
1991a), the WIPP Project has assumed that no human intrusion of the
repository would occur during the 100-year period of active institutional
controls, but that site-specific exploitation outside the controlled area
might occur. For the 1992 performance assessment, the probabilities of
human intrusion were also considered based on the judgments of an expert
panel (see memorandum by Hora in Volume 3, Appendix A of this report).
Comparisons of performance estimated using both the probabilities based on
expert judgment and the probability model used in 1991 are provided in
Chapter 5 of this volume.

Appendix B of the Standard (US EPA, 1985, p. 38089) specifies that after
the period of active institutional control, the predicted number of
exploratory boreholes assumed to be drilled inside the controlled area

\
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

through inadvertent human intrusion is to be based on site-specific
information and need not exceed 30 boreholes/km2 (0.4 mi2) per 10,000
years. No more severe scenarios for human intrusion inside the controlled
area need be considered. Appendix B also indicates that while passive
institutional controls endure, they can reduce the likelihood of
inadvertent human intrusion to a degree to be determined by the DOE,
although the possibility of inadvertent intrusion cannot be eliminated

(US EPA, 1985, p. 38088).

Given the approach chosen by the EPA for defining the disposal
standards, repository performance must be predicted probabilistically to
evaluate compliance quantitatively. Determining the probability of
intrusion poses questions that cannot be answered by numerical modeling or
experimentation. Projecting future drilling activity requires unattainable
knowledge about complex variables such as economic demand for natural
resources, institutional control over the site, public awareness of
radiation hazards, and changes in exploration technology. The 1992
preliminary performance assessment uses estimates of the probability of
human intrusion that are based on guidance from expert panels on possible
future societies and on the potential effectiveness and duration of passive
institutional controls to deter intrusion into the WIPP (Hora et al., 1991;
also see Volume 2 of this report and the memorandum by Hora in Volume 3,
Appendix A of this report).

3.3.4 Uncertainties

The EPA recognizes in the preamble to the Standard that "standards must
be implemented in the design phase for ... disposal systems because active
surveillance cannot be relied upon" over the long time of interest. The
EPA further notes that "standards must accommodate large uncertainties,
including uncertainties in our current knowledge about disposal-system
behavior and the inherent uncertainties regarding the distant future" (US
EPA, 1985, p. 38070). Within the text of the Standard, the definition of
performance assessment requires "considering the associated uncertainties"

(§ 191.12(q); see Section 3.3.1 of this volume).

"Uncertainties in parameters" are the only source of uncertainty
specifically identified in the Standard (US EPA, 1985, Appendix B, p.
38088). Uncertainty in input parameters used in predictive models may
result from several sources, including incomplete data, intrinsic spatial
variability of the property in question, measurement uncertainty, and
uncertainty resulting from differences in scale between data acquisition
and model application. Uncertainty in input parameters is not, however,

the only potential source of uncertainty in performance assessment. As

3-12



© O N OO A WN =

N = 2 4 4 a4 a4 a
O O ® N U b N =+ O

[ W W W W W WD N DN DD NN NN

Containment Requirements
Uncertainties

indicated in the following definitions adopted from Gallegos et al. (1992)
and the NEA (1992a), additional uncertainty may enter the analysis through
the choice of conceptual models used to represent the disposal system.

Conceptual Model: A set of qualitative assumptions used to describe a
system or subsystem for a given purpose. At a minimum, these
assumptions concern the geometry and dimensionality of the system,
initial and boundary conditions, time dependence, and the nature of the
relevant physical and chemical processes. The assumptions should be
consistent with one another and with existing information within the
context of the given purpose.

Alternative Conceptual Models: Alternative sets of assumptions that
describe the same system for the same purpose, where each set of
assumptions is consistent with the existing information.

Conceptual Model Uncertainty: The lack of knowledge about the system
resulting from limited information available to support or refute
alternative conceptual models.

Uncertainty may exist also in the computational models used to perform
quantitative analyses based on the chosen conceptual models. As used here,
computational models include the mathematical models used to represent the
physical processes, the numerical models used to solve the mathematical
models, and the computer codes used to implement the solution.

The selection of scenarios to be analyzed also may introduce
uncertainty into the estimated performance. Scenario uncertainty may be
further subdivided into uncertainty in the completeness of the scenarios
considered, uncertainty in the way in which computational results are
aggregated to represent scenario consequences, and uncertainty in the
probabilities associated with their occurrence.

Performance assessment thus requires considering numerous uncertainties
in the projected performance of the disposal system. The WIPP Performance
Assessment Department’s methodology for uncertainty analysis (described in
Chapter 4 of this volume and Volume 2, Chapters 3 and 4 of this report)
relies on the selection of scenarios to be analyzed, the determination of
scenario probabilities, and the calculation of scenario consequences using a
Monte Carlo simulation technique (Pepping et al., 1983; Hunter et al., 1986;
Cranwell et al., 1987, 1990; Campbell and Cranwell, 1988; Rechard, 1989;
Helton, 1991). The Performance Assessment Department will assess and reduce
uncertainty to the extent practicable using a variety of techniques (Table
3-1). For example, the WIPP Project uses uncertainty analyses to evaluate
the amount of variability in the results of a model that can be attributed
to uncertainty in the parameter input data.
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Table 3-1. Techniques for Assessing or Reducing Uncertainty in the WIPP Performance Assessment

Type of Technique for Assessing References to Performance Assessment
Uncertainty or Reducing Uncertainty Reports (also see references cited
within these reports)
Scenarios Expert Judgment and Peer Review Marietta et al., 1989; Bertram-Howery et al., 1990,

(Completeness, Aggregation,
and Probabilities)

Quality Assurance

Conceptual Models Expent Judgment and Peer Review

Sensitivity Analysis
Uncertainty Analysis
Quality Assurance

Computational Models Expert Judgment and Peer Review

Verification and Validation®

Sensitivity Analysis

Quality Assurance

* 10 the extent possible

Chapter 4; Guzowski, 1990; Tierney, 1990; Helton,
1991; Guzowski and Helton, 1991; Hora et al., 1991;
memorandum by Hora in Volume 3, Appendix A of this
report

Rechard et al., 1992a, 1992b

Marietta et al., 1989; Bertram-Howery et al., 1990; WIPP PA
Division, 1991b; Volume 2 of this report

Helton et al., 1991, 1992; Volume 4 of this report
Helton et al., 1991, 1992; Volume 4 of this report
Rechard et al., 1992b

Marietta et al., 1989; Bertram-Howery et al., 1990; WIPP PA
Division, 1991b; Volume 2 of this report

Marietta et al., 1989; Bertram-Howery et al., 1990; WIPP PA
Division, 1991b; Volume 2 of this report

Helton et al., 1991, 1992; Volume 4 of this report

Rechard et al., 1991
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Table 3-1. Techniques for Assessing or Reducing Uncertainty in the WIPP Performance Assessment (continued)

References to Performance Assessment
Reports (also see references cited
within these reports)

Type of Technique for Assessing
Uncertainty or Reducing Uncertainty
Parameter Values Expert Judgment and Peer Review

and Variability
Data-Collection Programs
Sampling Techniques
Sensitivity Analysis
Uncertainty Analysis

Quality Assurance

Source: After Bertram-Howery and Hunter, 1989b

Rechard et al., 1990a, 1990b; WIPP PA Division,
1991c; Trauth et al., 1992; Volume 3 of this report

Annual program plans for the WIPP

Helton, 1991

Helton et al., 1991, 1992; Volume 4 of this report
Helton et al., 1991, 1992; Volume 4 of this report

Rechard et al., 1992a
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Sensitivity analyses identify the main contributors to the observed
variation in the results. These techniques typically are applied
iteratively. The first iteration can include rather general assumptions
leading to preliminary results that help focus these techniques in
subsequent iterations. In this manner, the resources required to implement
the techniques in Table 3-1 can be directed at the areas of the WIPP
performance assessment where the benefits of understanding uncertainty and
reducing it (where possible) would be the greatest.

Modeling the behavior of a hydrogeologic system such as the WIPP
disposal system necessarily will be uncertain because knowledge about its
real behavior is uncertain. Many of the parameters used as inputs to a
model of the system are obtained only by a data-collection process.
Investigators knowledgeable about the data they collect make a finite
number of observations, choosing what parameters to measure, how to measure
them, where to measure them, and when to measure them. However, the
collection process itself can introduce uncertainty through measurement
error, the system's inherent randomness, and limited sampling of the
variable physical, chemical, and biological properties of the system. In
many aspects of data collection, the professional judgment of an analyst
with expertise in the area of investigation often enters into the
scientific process. For example, selection of methods to collect data,
interpretation of data, development of conceptual models, and selection of
model parameters all require professional analysis and judgment. The
analyst’s final data set is based on available data, use of the parameter
in the computational model, behavior of analogous systems, and the
analyst’'s own expert judgment.

The WIPP Project will use more formalized expert judgment for some
parameters or models identified as being important to WIPP performance in
cases where significant uncertainty exists in the available data and
conceptual models and experimental or field data cannot be practicably
obtained. In these instances, formal elicitations will provide probability
distributions for model parameters. These distributions may be used to
provide guidance to the Project until experimental or field data become
available, or, in those cases where direct acquisition of data is
impossible or unrealistic, the elicited distributions may form part of the

basis for compliance evaluation. Expert panels may also be used to provide
independent evaluation.

Formal elicitation offers a structured procedure for gathering opinions
from a panel of professionals with the recognized training and experience
to address a specific problem. The process encourages diversity in
opinions and thus guards against understating uncertainty. In addition,

formal elicitation promotes clear and thorough documentation of the manner
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in which results are achieved (Hora and Iman, 1989). The judgments that
result from formal elicitation represent the current state of knowledge and
provide a consensus of understanding, but they do not create information.
An important aspect of elicitation, either during or following the process,
is examining the manner in which new data may improve understanding. As
new observations are made, the state of knowledge is refined. Thus far,
expert panels have provided estimates of solubility and sorption parameters
for selected radionuclides (Trauth et al., 1992). Additional expert panels
may be convened to quantify other parameters and thus address the
uncertainty in using those important data sets and associated conceptual
models,

WIPP performance assessment must also address the potential for human
intrusion and the effectiveness of passive institutional controls to deter
such intrusion. An expert panel has already provided judgment on future
socleties’ possible technical capabilities, needs, and social structures
(Hora et al., 1991). An additional panel has developed marker
characteristics to maximize both marker lifetimes and information that
could be communicated to future generations. These panel judgments were
used in the 1992 performance assessment and are discussed in Volumes 2 and
3 of this report. Another expert panel is under consideration to develop
strategies for barriers to intrusion-by-drilling.

One type of uncertainty that cannot be completely resolved is the
validity of various conceptual and computational models for predicting
disposal-system behavior 10,000 years into the future. Although models
will be validated using available site or analog data to the extent
possible, expert judgment will be relied upon where validation is not
possible. Uncertainties arising from the numerical solutions of a
mathematical model are resolved in the process of verification (checking
for numerical accuracy) of computer programs. Uncertainty resulting from
the scenarios selected for modeling is most appropriately addressed in
scenario development through a systematic and thorough examination of
possible scenario components (events and processes); in scenario screening
based on probability, consequence, physical reasonableness, and regulatory
guidance; and in probability assignment by the techniques used for

evaluation or estimation. Expert judgment to evaluate completeness and

provide estimates of probabilities for events and processes may also be
necessary (US DOE, 1990a).

Quality assurance (QA) procedures for performance assessment control
analysis results in three areas—data, software, and analysis—and two
subareas—elicitation of judgments from expert panels and documentation.

QA procedures for data on facility design and geologic model parameters
control traceability and documentation of data (Rechard et al., 1992a). QA
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

procedures for software ensure that it performs as expected during the
analysis by controlling traceability, retrievability, verification, and
documentation (Rechard et al., 1991). QA procedures for analysis provide a
framework and process so that analysis results present a reliable view of
WIPP performance based on the present knowledge by controlling
traceability, validation, personnel qualifications, data use, and peer
review (Rechard et al., 1992b). QA procedures for documentation ensure
that sufficient documented information is available to record how analyses
were performed and how decisions were reached by specifying technical,
management, and critical peer reviews (Rechard et al., 1992b).

3.3.5 Compliance Assessment

The Standard assumes that the results of the performance assessment for
§ 191.13(a) will be incorporated, to the extent practicable, into an
overall probability distribution of cumulative release. In Appendix B of
the Standard, the EPA assumes that, whenever practicable, results can be
assembled into a single complementary cumulative distribution function
(CCDF) that indicates the probability of exceeding various levels of summed
normalized cumulative releases (US EPA, 1985, p. 38088) (Figure 3-3).

Descriptions of a procedure for performance assessment based on the
construction of a CCDF are available (Pepping et al., 1983; Hunter et al.,
1986; Cranwell et al., 1987, 1990; Campbell and Cranwell, 1988; Rechard,
1989; Helton, in press). The construction of CCDFs follows from the
development of scenario probabilities and the calculation of scenario
consequences. Further, the effects of different types of uncertainties can
be shown by constructing families of CCDFs and then reducing each family to
a single CCDF. The construction of families of CCDFs and various summary
CCDFs 1is described in Volume 2 of this report.

Currently, CCDF curves for single scenarios and single conceptual

models are used extensively in performance-assessment sensitivity analysis
for comparing alternative conceptual models (Helton et al., 1991, 1992).
Such CCDF curves do not establish compliance or noncompliance, but they
convey vital information about how changes in model assumptions or

parameter distributions may influence performance (Bertram-Howery and
Swift, 1990).

Preliminary performance assessments are performed periodically for the
WIPP to provide interim guidance to the Project as it prepares for final
compliance evaluations. No "final" CCDF curves yet exist because the
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

modeling system is incomplete and some input parameters have yet to be
fully specified. Final probabilities for specific scenarios and many
parameter-value distribution functions are still undetermined (see

Volumes 2 and 3 of this report); therefore all CCDF curves presented in
this report are preliminary. Although the compliance limits are routinely
included on plots as reference points, the currently available curves
should not be used to judge compliance with the Containment Requirements
because the curves reflect an incomplete modeling system (Volume 2 of this
report) and incomplete data (Volume 3 of this report) and because the
Standard has not been repromulgated.

3.3.6 "Reasonable Expectation" of Compliance

The EPA assumes that a single CCDF will incorporate all uncertainty
(US EPA, 1985, p. 38088). The Containment Requirements (§ 191.13(a)) state
that, based upon performance assessment, releases shall have probabilities
not exceeding specified limits. Appendix B of the Standard states that
"the [EPA] assumes that a disposal system can be considered to be in
compliance with § 191.13 if this single distribution function meets the
requirements of § 191.13(a)" (US EPA, 1985, p. 38088). However,
§ 191.13(b) states:

"Performance assessments need not provide complete assurance that
the requirements of 191.13(a) will be met. Because of the long
time period involved and the nature of the events and processes of
interest, there will inevitably be substantial uncertainties in
projecting disposal system performance. Proof of the future
performance of a disposal system is not to be had in the ordinary
sense of the word in situations that deal with much shorter time
frames. Instead, what is required is a reasonable expectation, on
the basis of the record before the implementing agency, that
compliance with 191.13(a) will be achieved."

Given the discussions on use of qualitative judgment in Appendix B to the
Standard, the EPA means the entire record, including qualitative judgments.
The guidance states:

"The [EPA} believes that the implementing agencies must determine
compliance with §§ 191.13, 191.15, and 191.16 of Subpart B by
evaluating long-term predictions of disposal system performance.
Determining compliance with § 191.13 will also involve predicting
the likelihood of events and processes that may disturb the
disposal system. In making these various predictions, it will be
appropriate for the implementing agencies to make use of rather
complex computational models, analytical theories, and prevalent
expert judgment relevant to the numerical predictions.
Substantial uncertainties are likely to be encountered in making
these predictions. In fact, sole reliance on these numerical
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predictions to determine compliance may not be appropriate; the
implementing agencies may choose to supplement such predictions
with qualitative judgments as well."

Thus, the EPA assumes that satisfying the numeric requirements is
sufficient to demonstrate compliance with § 191.13(a) but not mandatory. A
basis for concluding that a system provides good isolation can include
qualitative judgment as well as quantitative results and thus does not
totally depend upon the calculated CCDF. As discussed in the "Test Phase
Plan" currently being prepared by the DOE, and in the Technical Needs
Assessment report (US DOE, 1992a), the likelihood that excess releases will
occur must be considered in the qualitative decision about a "reasonable
expectation” of compliance but is not necessarily the deciding factor.

In the supplementary information published with the Standard, the EPA
states that "the numerical standards chosen for Subpart B, by themselves,
do not provide either an adequate context for environmental protection or a
sufficient basis to foster public confidence..." (US EPA, 1985, p. 38079).
The EPA also states that "factors such as [food chains, ways of life, and
the size and geographical distributions of populations] cannot be usefully
predicted over [10,000 years]....The results of these analyses should not
be considered a reliable projection of the 'real’ or absolute number of

health effects resulting from compliance with the disposal standards"
(US EPA, 1985, p. 38082).

The EPA recognizes that too many uncertainties exist in projecting the
behavior of natural and engineered components for 10,000 years and that too
many opportunities for errors in calculations or judgments are possible for
the numerical requirements to be the sole basis for determining the
acceptability of a disposal system (US EPA, 1985, p. 38079). Qualitative
Assurance Requirements (discussed further in Section 3.4 of this volume)
were included in the Standard to ensure that "cautious steps are taken to
reduce the problems caused by these uncertainties." These qualitative
Assurance Requirements are "an essential complement to the quantitative
containment requirements" (US EPA, 1985, p. 38079). Each qualitative
requirement was chosen to compensate for some aspect of the inherent
uncertainty in projecting the future performance of a disposal system (see
Section 3.4 of this volume). The Assurance Requirements begin by declaring
that compliance with their provisions will "provide the confidence needed
for long-term compliance with the requirements of 191.13" (§ 191.14).
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

Determining compliance with Subpart B depends on the estimated overall
probability distribution of cumulative releases and on the estimated annual
doses; however, it also depends on the strength of the assurance strategies
(US DOE, 1987, currently in revision) that will be implemented and on the
qualitative judgment of the DOE and its analysts. The preceding discussion
demonstrates the EPA’s recognition of the difficulties involved in
predicting the future and in quantifying the outcomes of future events.

The EPA expects the DOE to understand the uncertainties in the disposal
system’s behavior to the extent practical, while recognizing that
substantial uncertainties will nevertheless remain.

3.4 Assurance Requirements

The EPA included Assurance Requirements (§ 191.14) in the 1985 Standard
to provide confidence the agency believes is needed for long-term
compliance with the Containment Requirements. These requirements apply
only to disposal systems not regulated by the NRC, because comparable
provisions exist in NRC regulations. The Assurance Requirements are
designed to complement the Containment Requirements because of the
uncertainties involved in predicting long-term performance of disposal
systems (US EPA, 1985, p. 38072).

Each Assurance Requirement applies to some aspect of uncertainty about
long-term containment:

Limiting reliance on active institutional controls to 100 years
precludes relying on future generations to maintain surveillance;

Carefully planned monitoring will reduce the likelihood of
unexpectedly poor system performance going undetected;

Using passive institutional controls such as markers and records
will reduce the chances of inadvertent or systematic intrusion;

Including multiple barriers, both engineered and natural, will
reduce the risk should one type of barrier not perform as

expected;

Considering future resource potential and demonstrating that the
favorable characteristics of the disposal site compensate for the
likelihood of disturbance will add to the confidence that the
chosen site is appropriate;

Selecting a disposal system that permits possible future recovery
of most of the wastes for a reasonable period of time after
disposal will allow future generations the option of relocating
the wastes should new developments warrant such recovery (US DOE,

3-22



_ o
- O O O ~N O O H WOWN =

- - A -
(5, T - N /S I V)

16

Individual Protection Requirements

1990d). In promulgating the Standard, the EPA stated that "the
intent of this provision was not to make recovery of waste easy or
cheap, but merely possible...because the [EPA] believes that
future generations should have options to correct any mistakes
that this generation might unintentionally make" (US EPA, 1985,

p. 38082). The EPA also stated that "any current concept for a
mined geologic repository meets this requirement without any
additional procedures or design features" (US EPA, 1985, p. 38082,
emphasis in original).

3.5 Individual Protection Requirements

The Individual Protection Requirements (§ 191.15) of the Standard
require predicting potential doses to humans resulting from releases to the
accessible environment for undisturbed performance during the first 1000
years after decommissioning of the repository, in the event that
performance assessments predict such releases. Although challenges to this
requirement contributed to the remand of Subpart B to the EPA, the WIPP
Project has made no assumptions about how the requirement may change when
the Standard is repromulgated.

The methodology developed for assessing compliance with the Containment
Requirements can be used to estimate doses as specified by the Individual
Protection Requirements. One of the products of scenario development for
the Containment Requirements is a base-case scenario for the WIPP that
describes undisturbed conditions. The undisturbed performance of the
repository is its design-basis behavior, including variations in that
behavior resulting from uncertainties in the 10,000-year performance of
natural and engineered barriers and excluding human intrusion and unlikely
natural events, as defined in §191.12(p):

"'‘Undisturbed performance’ means predicted behavior of a disposal
system, including consideration of the uncertainties in predicted
behavior, if the disposal system is not disrupted by human
intrusion or the occurrence of unlikely natural events."

Undisturbed performance for the WIPP is understood to mean that
uncertainties in such repository features as engineered barriers (seals and
plugs) must be specifically included in the analysis of the predicted
behavior (US DOE, 1990a). Human intrusion means any human activity other
than those directly related to repository characterization, construction,
operation, or monitoring. The effects of intrusion are specifically
excluded from the undisturbed-performance analysis (US DOE, 1989).

Because of the relative stability of the natural systems within the
region of the WIPP disposal system, all events and processes that are
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Chapter 3. Application of 40 CFR Part 191, Subpart B, to the WIPP

expected to occur naturally are part of the base-case scenario and are
assumed to represent undisturbed performance (Marietta et al., 1989).
Unlikely natural events not included in undisturbed performance of the WIPP
are those events and processes that have not occurred in the past at a
sufficient rate to affect the Salado Formation at the repository horizon
within the controlled area and potentially cause the release of
radionuclides.

The EPA assumes in Appendix B to the Standard that compliance with the
Individual Protection Requirements "can be determined based upon best
estimate predictions" rather than a probabilistic analysis. Thus,
according to the EPA, when uncertainties are considered, only "the mean or
median of the appropriate distribution, whichever is higher," need fall
below the limits (US EPA, 1985, p. 38088).

The Individual Protection Requirements state that "the annual dose
equivalent from the disposal system to any member of the public in the
accessible environment" shall not exceed "25 millirems to the whole body or
75 millirems to any critical organ" (§ 191.15). These requirements apply
to undisturbed performance of the disposal system, considering all
potential release and dose pathways, for 1000 years after disposal. A
specifically stated requirement is that modeled individuals be assumed to
consume 2 L (0.5 gal) per day of drinking water from a significant source
of groundwater, as defined in the Standard:

"'Significant source of ground water’...means: (1) An aquifer
that: (i) Is saturated with water having less than 10,000
milligrams per liter of total dissolved solids; (ii) is within
2,500 feet of the land surface; (iii) has a transmissivity greater
than 200 gallons per day per foot, provided that any formation or
part of a formation included within the source of ground water has
a hydraulic conductivity greater than 2 gallons per day per square
foot...; and (iv) is capable of continuously yielding at least
10,000 gallons per day to a pumped or flowing well for a period of
at least a year; or (2) an aquifer that provides the primary
source of water for a community water system as of [November 18,

1985]" (§ 191.12(n)).

No water-bearing unit at the WIPP meets the first definition of
significant source of groundwater at tested locations within the land-
withdrawal area. At most well locations, water-bearing units meet neither
requirement (i) nor (iii): total dissolved solids exceed 10,000 mg/L and
transmissivity is less than 200 gallons per day per foot (26.8 ft3/ft-day
or 2.9 x 10-5 m3/m-sec) (Siegel et al., 1991; Brinster, 1991). Outside the
land-withdrawal area, however, portions of the Culebra Dolomite Member do
meet the requirements of the first definition. The WIPP Project will
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Groundwater Protection Requirements

assume that any portion of an aquifer that meets the first definition is a
significant source of groundwater and will examine communication between
nonqualifying and qualifying portions. No community water system is being
supplied by any aquifer near the WIPP; therefore, no aquifer meets the
second definition of significant source of groundwater (US DOE, 1989).

Based on current evaluations, no units near the WIPP appear to meet the
entire definition of a significant source of groundwater. The nearest
aquifer that meets the first definition of a significant source of
groundwater over its entire extent is the alluvial and valley-fill aquifer
along the Pecos River. Communication between this aquifer and any other
aquifers near the WIPP will be evaluated in future analyses when an
improved model for regional groundwater flow is available (US DOE, 1989).
Studies will include reviewing and assessing regional and WIPP drilling
records and borehole histories for pertinent hydrologic information
(US DOE, 1990a).

No releases from the undisturbed repository/shaft system are expected
to occur within the 1000-year period of the Individual Protection
Requirements, nor within the 10,000-year period of the Containment
Requirements (Lappin et al., 1989; Marietta et al., 1989; WIPP PA Division,
1991b; WIPP PA Department, 1992; Chapter 5 of this volume). Therefore,
dose predictions for undisturbed performance are not expected to be
necessary. To date, analyses of undisturbed conditions indicate successful
long-term isolation of the wastes (see Chapter 5 of this volume).

3.6 Groundwater Protection Requirements

Special sources of groundwater are protected by the Groundwater
Protection Requirements (§ 191.16) from contamination at levels greater

than certain limits. "Special sources of groundwater" are defined as

"those Class I ground waters identified in accordance with the
[EPA's] Ground-Water Protection Strategy published in August 1984
that: (1) Are within the controlled area encompassing a disposal
system or are less than five kilometers beyond the controlled
area; (2) are supplying drinking water for thousands of persons as
of the date that the [DOE] chooses a location within that area for
detailed characterization as a potential site for a disposal
system (e.g., in accordance with Section 112(b)(1l)(B) of the
NWPA); and (3) are irreplaceable in that no reasonable alternative

source of drinking water is available to that population”
(§ 191.12(0)).
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Class I groundwaters are defined as follows (US EPA, 1984):

"Certain ground-water resources are in need of special protective
measures. These resources are defined to include those that are
highly vulnerable to contamination because of the hydrogeclogical
characteristics of the areas under which they occur. Examples of
hydrogeological characteristics that cause groundwater to be
vulnerable to contamination are high hydraulic conductivity
(karst formations, sand and gravel aquifers) or recharge
conditions (high water table overlain by thin and highly
permeable soils). In addition, special groundwaters are
characterized by one of the following two factors:

(1) Irreplaceable source of drinking water. These include
groundwater located in areas where there is no practical
alternative source of drinking water (islands, peninsulas,
isolated aquifers over bed rock) or an insufficient alternative
source for a substantial population; or

(2) Ecologically vital, in that the groundwater contributes to
maintaining either the base flow or water level for a
particularly sensitive ecological system that, if polluted, would
destroy a unique habitat (e.g., those associated with wetlands
that are habitats for unique species of flora and fauna or
endangered species)."

As defined in the Groundwater Protection Requirements, no special

sources of groundwater exist at the WIPP within the maximum area allowed
(Figure 3-4); therefore, the requirement to estimate radionuclide
concentrations in such groundwater is not relevant to the WIPP (see
Chapter 5 of this volume).
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Figure 3-4. Illustration of boundary definitions pertaining to the

Groundwater Protection Requirements (after US DOE, 1989). The
dashed line, drawn 5 km (3 mi) from the maximum allowable
extent of the controlled area (§ 191.12(g)), shows the maximum
area in which the occurrence of a special source of groundwater
(§ 191.12(0)) is of regulatory interest.
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4. PERFORMANCE-ASSESSMENT METHODOLOGY

This chapter contains a brief and simplified overview of the
methodology used in WIPP performance assessment. A more complete discussion
is presented in Volume 2 of this report and in references cited therein.

The WIPP performance assessment represents risk as a triplet consisting
of the answers to the following three questions (Kaplan and Garrick, 1981):

(1) What can happen? (scenarios)
(2) How likely are things to happen? (probabilities of scenarios)
(3) What are the consequences of these things (scenarios) happening?

The first question is answered by a systematic scenario construction
procedure that results in a set of comprehensive and mutually exclusive
scenarios for consequence analysis (Guzowski, 1990; Cranwell et al., 1990;
NEA, 1992b). Answering the second question requires that probability
estimates be made for the scenarios retained for analysis. A formal
elicitation procedure using expert panels has been recommended by other
programs (Hora and Iman, 1989; Andersson et al., 1989; Stephens and Goodwin,
1989; Bonano et al., 1990) and employed by WIPP performance assessment.
Answering the third question requires a modeling system to estimate
consequences, expressed in terms of the performance measures of interest.
The WIPP performance assessment uses a Monte Carlo technique to examine
uncertainty in performance estimates and to perform sensitivity analyses
that provide guidance to the Project.

The WIPP performance assessment is iterative, and answers to each of
these three questions will be reexamined as the Project moves toward a final
regulatory compliance evaluation. Thus, the set of scenarios selected for
consequence analysis may change as new information dictates (although the
scenarios examined in 1992 are essentially unchanged from 1991). Scenario

probabilities have changed as expert judgment is incorporated, and the
modeling system continues to change as new models and data become available.

4.1 Scenarios

WIPP performance assessment uses a formal scenario-selection procedure
consisting of five steps (Cranwell et al., 1990): (1) compiling or adopting
a comprehensive set of events and processes that potentially could affect
the disposal system, (2) classifying the events and processes to aid in
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Chapter 4. Performance-Assessment Methodology

completeness arguments, (3) screening the events and processes to identify
those that can be eliminated from consideration in the performance
assessment, (4) developing scenarios by combining events and processes that
remain after screening, and (5) screening scenarios to identify those that
have little or no effect on the performance estimate. In the application of
this scenario-selection process to the WIPP, events and processes were
screened according to probability, consequence, and physical reasonableness.
Following guidance from the Containment Requirements of the Standard

(§ 191.13), those events and processes with a probability of less than 10-4
in 10,000 years were eliminated, as were those which would have little or no
consequence on performance or which would be physically unreasonable. This
screening process is summarized in Volume 2, Chapter 4 of this report, and
is described in detail in the 1991 documentation (Guzowski and Helton,
1991).

For the WIPP, the result of the scenario-selection process is a set of
eight scenarios constructed from three retained events (Figure 4-1). No
scenarios resulting from the selection process have been screened out.
Scenarios shown in Figure 4-1 that include the effects of subsidence due to
potash mining have not been included in the 1992 or previous performance
assessments, but the impact of subsidence events will be examined in future
analyses. The four scenarios analyzed in 1992 are discussed in the
following sections.

4.1.1 Undisturbed Performance (Base Case)

As defined in the Standard (§ 191.12(p)) and discussed in Section 3.5
of this volume, "‘undisturbed performance’ means the predicted behavior of a
disposal system, including consideration of the uncertainties in predicted
behavior, if the disposal system is not disrupted by human intrusion or the
occurrence of unlikely natural events." The Standard does not define
"unlikely," but the WIPP Performance Assessment Department interprets the
probability cutoff of 10-% in 10,000 years proposed in Appendix B of the
Standard for the Containment Requirements (§ 191.13) to be a suitable
working definition for the term.

No disruptive natural events with probabilities greater than 10-% in
10,000 years were identified during the scenario-selection procedure, so
"undisturbed performance" is the same as the "base case" scenario in Figure
4-1. Because of the relative stability of the natural systems within the
region of the WIPP disposal system, all naturally occurring events and
processes retained for scenario construction (e.g., climate variability) (1)
will occur, (2) are part of the base-case scenario, and (3) are
nondisruptive. The base-case scenario (Figure 4-2a) describes the disposal
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Potential scenarios for the WIPP disposal system. Each
scenario is a set of similar occurrences and a subset of all

possible 10,000-year histories beginning at decommissioning of

the WIPP.
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Inadvertent Human Intrusion

system from the time of decommissioning and incorporates all expected
changes in the system and associated uncertainties for the 10,000 years of
concern for the Containment Requirements (§ 191.13). Two potential
pathways for migration of radionuclides dissolved in brine are considered.
In the first path, brine may migrate either through drifts or through the
disturbed rock zone (DRZ) surrounding the excavation and anhydrite
interbeds (primarily MB139) to the shafts and then upward toward the
Culebra Dolomite Member of the Rustler Formation, which is the most
permeable water-saturated unit overlying the repository. Transport may
then occur laterally in the Culebra toward the subsurface boundary of the
accessible environment. In the second path, brine may migrate laterally
toward the subsurface boundary of the accessible environment within
anhydrite interbeds in the Salado Formation. Considered for only 1000
years, and with the addition of a water withdrawal well to provide a
potential pathway for radionuclides to reach humans, the base-case scenario
is also suitable for evaluations of undisturbed performance for the
Individual Protection Requirements (§ 191.15). Considering gas migration
pathways to the disposal-unit boundary and, if necessary, transport of
hazardous constituents in both gas and brine phases, the base-case scenario
is suitable for evaluations of undisturbed performance for 40 CFR 268.6
(RCRA) (see Volume 5 of this report).

4.1.2 Inadvertent Human Intrusion

Performance assessments for 40 CFR 191, Subpart B, presently
concentrate on inadvertent human intrusion during exploratory drilling for
resources, which has been demonstrated by past analyses (Marietta et al.,
1989; Bertram-Howery et al., 1990; WIPP PA Division, 199la,b,c; WIPP PA
Department, 1992; see also Section 5.2 of this volume) to be the only event
likely to lead to radionuclide releases close to or in excess of regulatory
limits. Future drilling technology is assumed for these analyses to be
comparable to technology presently in use in the region around the WIPP.

If the waste-emplacement panels are penetrated by an exploratory
borehole, radionuclides may reach the accessible environment by two
principal pathways. First, some radionuclides will be transported up the
borehole directly to the ground surface. Second, additional radionuclides
transported up the borehole will migrate into overlying strata and may be

transported laterally in groundwater to the subsurface boundary of the
accessible environment.

Most releases at the ground surface will be in the form of particulate
waste entrained in the drilling fluid, including components from cuttings
(material removed by the drill bit), cavings (material eroded from the
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borehole wall by the circulating drilling fluid), and spallings (material
that enters the borehole as the repository depressurizes). For
convenience, these particulate releases are collectively referred to in
performance-assessment documentation as cuttings. For the 1992
calculations, results referred to as cuttings include cavings but do not
include spallings. If important, spallings will be included in future
performance assessments when models and data are available. Additional
discussion of the modeling of particulate releases at the ground surface
during drilling is provided in Volume 2, Section 7.7 of this report.
Release of radionuclides dissolved in brine that may flow up the borehole
to the ground surface both during drilling and after degradation of plugs
has not been included either in past performance assessments or in the
results presented in this volume. Volume 4 of the 1992 documentation will
contain preliminary analyses of the potential for releases by this
mechanism.

Subsurface releases of radionuclides following lateral transport in
groundwater are believed to be most likely to occur in the Culebra Dolomite
Member of the Rustler Formation overlying the repository. For analysis
purposes, subsurface transport is assumed to occur only in the Culebra,
maximizing the potential for releases by this pathway. Additional
discussion of flow and transport in the Culebra is provided in Volume 2,
Section 7.6 of this report.

Figures 4-2b and 4-3 illustrate the three representative intrusion
scenarios shown in Figure 4-1. In the El scenario (Figure 4-2b), a
borehole penetrates the repository and a hypothetical pressurized brine
reservoir in the underlying Castile Formation. In the E2 scenario (Figure
4-3a), a borehole penetrates the repository and misses the hypothetical
brine reservoir. In the ElE2 scenario (Figure 4-3b), one borehole
penetrates the repository and the hypothetical brine reservoir and a second

borehole penetrates the repository but misses the pressurized brine
reservoilr.

In all three of these intrusion scenarios, borehole plugs are assumed
to be emplaced and to perform so as to maximize fluid flow into the Culebra
Dolomite Member of the Rustler Formation. These plug configurations have
been chosen to facilitate examination of the specific scenarios, and do not
reflect the most realistic conditions expected. 1In the El and E2
scenarios, any plugs between the repository and the Culebra are assumed to
fail immediately, whereas plugs above the Culebra remain effective for
10,000 years. 1In the E1E2 scenario, a plug in the El-type borehole between
the repository and the Culebra remains effective and forces flow through
the waste and up the E2-type hole, where a plug above the Culebra forces
flow laterally toward the accessible-environment boundary. As noted above,
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Chapter 4. Performance-Assessment Methodology

consequences of alternative assumptions about plugging in which all plugs
degrade to a material with relatively high permeability (as suggested in
Appendix B of the Standard [US EPA, 1985, p. 38089]) and brine is allowed
to flow at the ground surface will be examined and documented in a
subsequent volume.

For improved computational resolution, the El, E2, and ElE2 scenarios
have been subdivided further into computational scenarios on the basis of
time of intrusion and activity of the waste intersected. As discussed in
Volume 2, Chapter 4 of this report, subsurface radionuclide releases
following groundwater transport in the Culebra are calculated in the 1992
performance assessment only for intrusions occurring 1000 years after
decommissioning. Because of the decreased time available for transport,
later intrusions are expected to result in smaller releases. As in 1991,
for computational efficiency, El-type intrusions are not analyzed
explicitly, but rather are assumed to have the same consequences as E2-type
intrusions (WIPP PA Division, 1991b). Releases of cuttings are calculated
for six time intervals, including intrusions at 125, 175, 350, 1000, 3000,
and 7250 years. Multiple intrusions are allowed, with a maximum number of
10 occurring in simulations used in the 1992 analyses.

4.2 Probabilities of Scenarios

Identifying the probability of future human intrusion is at best a
qualitative task. Preliminary performance assessments for the WIPP prior
to 1990 considered a fixed number of human intrusions with fixed and
arbitrary probabilities (Marietta et al., 1989; Guzowski, 1991). The 1990
preliminary assessment (Bertram-Howery et al., 1990) compared performance
assuming fixed probabilities for intrusion events with performance
estimated assuming that intrusion through the repository follows a Poisson
process (i.e., intrusion events are random in time and space) with a rate
constant, A. The 1991 assessment (WIPP PA Division, 1991a,b) included a
probability model based on the Poisson assumption and also included effects
of variable activity loading with boreholes intersecting waste of five
different levels of radioactivity (Helton et al., 1992). Based on guidance
in Appendix B of the Standard, a maximum of 30 boreholes/kmZ were allowed
in 10,000 years, although the largest number to occur in any realization
was 10 per 0.5 km? .

The 1992 preliminary performance assessment marks the first use for
the WIPP of external expert judgment to estimate the probability of future
intrusion. Teams of experts from outside the WIPP Project were selected
and organized into two panels to address (1) the nature of future societies
and the possible modes of intrusion, and (2) types of markers and their
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Scenario Consequence Modeling

potential effectiveness in deterring intrusion (Hora et al., 1991;
memorandum by Hora in Volume 3, Appendix A of this report). The judgments
elicited from these panels were used to construct an algorithm describing
possible changes in the Poisson rate constant, A, with time (memorandum by
Hora in Volume 3, Appendix A of this report). The 1992 preliminary
performance assessment presents results calculated both using the 1991
time-invariant formulation for A and the time-dependent formulation based
on external expert judgment. Both formulations used the same
representation for variable activity loading used in the 1991 performance
assessment (Helton et al., 1992). The time-dependent formulation including
the deterrence effect of markers resulted in significantly fewer intrusions
(a maximum of 3 for intrusions occurring at 1000 years and 4 for the 6
intrusion times) than the time-invariant formulation (a maximum of 8 for
intrusions occurring at 1000 years and 10 for 6 intrusion times).

4.3 Scenario Consequence Modeling

Consequence modeling for WIPP performance assessment uses a linked
system of computational models to describe the disposal system and a Monte
Carlo technique that relies on multiple simulations using sampled values
for selected input parameters to quantify uncertainty in the performance
estimate. A full analysis includes selecting imprecisely known parameters
to be sampled, constructing distributions for each of these parameters
incorporating available data and subjective information, generating a
sample from these variables, and calculating consequences for each sample
element. Consideration of alternative conceptual models (defined in
Section 3.3.4 of this volume), which may require different input parameters
and perhaps different computational models, at present is included by
repeating the full analysis for each conceptual model to assess uncertainty
among alternative models. Results for preliminary comparison with 40 CFR
191, Subpart B, are usually displayed in terms of complementary cumulative

distribution functions (CCDFs), which are plots of exceedance probability
versus consequence. The consequence measure for § 191.13 is the EPA

normalized sum, as discussed in Section 3.3.2 of this volume and in Volume

3, Section 3.3.4 of this report. Construction of CCDFs is discussed in
Volume 2, Chapter 3 of this report.

Uncertainty and sensitivity analyses use a Latin hypercube sampling
technique followed by stepwise rank regression analysis (Iman and Helton,
1985; Helton et al., 1991, 1992). 1In other sensitivity analyses for
alternative conceptual models, specific parameter groups are assigned fixed
values corresponding to extreme and median values, and all other parameters
in the data base are sampled probabilistically over the full range of

possible values. A parameter or group of parameters is thus tested ceteris
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Chapter 4. Performance-Assessment Methodology

paribus (all other things being equal) within a Monte Carlo simulation
(Helton et al., 1991). To compare with the Standard for each conceptual
model, results are assembled into CCDF plots of probability versus
10,000-year normalized cumulative radionuclide release, as recommended in
the guidance to the Standard. The technique isolates effects of variations
in parameter groups (used to represent alternative conceptual models) on
predicted performance. Priorities can then be suggested for future
modeling and experimental research.

4.3.1 Computational Models

Major computer programs (codes) used in the computational models for
the 1992 preliminary performance assessment (Figure 4-4) are described in
detail in Volume 2 of this report. They reflect improvements in the
conceptual and numerical models used in the 1991 and previous performance
assessments, and permit the replacement of simplifying assumptions with
more realistic models. Three of the most significant improvements in 1992
are discussed here.

The 1992 calculations mark the first time the effects of salt creep
have been explicitly included in performance assessments. Salt will deform
over time by creep in response to a pressure gradient, and, if the
repository remained at atmospheric pressure, lithostatic stresses would
cause it to close almost completely within 100 years (Tyler et al., 1988;
Munson et al., 1989%a,b). Gas will be generated within the repository by
degradation of the waste, however, and pressure within the repository will
rise to elevated levels that will retard complete creep closure and may
perhaps partially reverse the process. In 1991, no model was available to
describe the coupled interaction of creep closure and gas pressurization,
and the performance-assessment calculations used a simplifying assumption
that porosity within the disposal region would remain constant through
time. As discussed in detail in Volume 2, Section 7.3 of this report, the
1992 calculations use output from the geomechanical code SANCHO (Stone et
al., 1985) to define the porosity of the waste as a function of pressure.

Although this method does not represent a full coupling of creep closure
and gas generation, the modeling improvement allows the performance
assessment to evaluate the importance of changing void volume in the
repository. An analysis of the impact on performance of including salt
creep is included in Volume 4 of this report.

The method used to incorporate spatial variability in the
transmissivity field in the Culebra has been modified significantly from
that used in 1991. The Performance Assessment Department now uses an

automated inverse approach to calibrate a two-dimensional model to both
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Chapter 4. Performance-Assessment Methodology

steady-state and transient pressure data generating multiple realizations
of the transmissivity field (Volume 2, Section 7.5 of this report; LaVenue
and RamaRao, 1992). Seventy calibrated fields were sampled for use in the
1992 performance assessr 1t.

Radionuclide transport in the Culebra, which had been simulated using
STAFF2D (Huyakorn et al., 1991) in the 1991 performance assessment, 1s now
simulated by the SECO-TP code (Volume 3, Section 1.4.6 of this report).
SECO-TP is a dual-porosity model in which advective transport is allowed
only in fractures, and diffusion of solute occurs into the rock matrix
surrounding the fracture. The fracture system is idealized as planar and
parallel, and each fracture wall may be coated with a layer of clay of
uniform thickness and porosity. The model is capable of simulating both
physical retardation by diffusion and chemical retardation by sorption in
both clay fracture-linings and dolomite matrix.

Several significant improvements remain to be made in the performance-
assessment modeling system. Specifically, the model used in 1992 for
groundwater flow in the Culebra does not include possible effects of
subsidence related to potash mining or a representation of recharge that
includes present or future vertical groundwater flow within the Rustler
Formation (leakage). The model used to represent the response of the
repository and the surrounding strata to the generation of gas by waste
degradation does not include effects of possible pressure-dependent
fracturing of anhydrite layers within the Salado Formation. Modeling
system improvements also remain to be made with respect to gas generation,
the conceptual three-dimensional model for regional groundwater flow, the
impact of spallings and direct flow of brine up a borehole to the surface,
transport of radionuclides as colloids, and possible correlations between
input parameters used in computational models. Consequences of these

aspects of disposal-system performance will be examined in future analyses
as additional information becomes available.

4.3.2 Distributions for Imprecisely Known Variables

The complete data base used in the 1992 preliminary performance
assessment is presented in Volume 3 of this report, and includes ranges and
cumulative distribution functions (cdfs) for all sampled parameters and
median values for all non-sampled parameters. Ranges for parameter values
have been selected by WIPP Project researchers in their respective fields.
The selection of parameters to be sampled is based on previous sensitivity
analyses and, to some extent, on subjective judgment by the researchers on
the importance of the parameters. Distribution functions for parameters
have been assigned by the Performance Assessment Department using available
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Distributions for Imprecisely Known Variables

data and the maximum entropy formalism (MEF), which minimizes the amount of
spurious information that enters into cdf construction from sparse data or
limited quantitative information (Tierney, 1990). For WIPP performance
assessment, the MEF serves as a consistent mathematical procedure for
deriving cdfs for imprecisely known variables from a set of quantitative
constraints on the form of the distribution (e.g., range, mean, variance,
or different percentiles). Two empirical distributions are particularly
important. When measured data are available, the empirical ecdf is
piecewise uniform. Following the MEF, the empirical cdf is modified by
joining the empirical percentile points (including extrapolated end points)
with straight lines, resulting in a piecewise linear cdf. When data are
not available and subjective point estimates are supplied by experts, the
cdf is again piecewise linear and constructed by linearly connecting the
subjective point estimates. Judgments that are made by experts are a
snapshot of the current state of knowledge. As new observations are made
for important parameters, this state of knowledge and the cdf are refined.

To supplement the available information for constructing the required
cdfs, several expert panels were convened and a formal elicitation process
was used (Bonano et al., 1990; Hora and Iman, 1989). A formal elicitation
of expert opinion includes five components: selection of issue and issue
statement, selection of experts, elicitation sessions, recomposition of an
expert’s opinion and aggregation of group opinion, and documentation. As
did the 1991 performance assessment, the 1992 analyses include the outcomes
of formal elicitations from two expert panels on important geochemical
parameters. A source-term panel provided subjective point estimates for
constructing logarithmic piecewise linear cdfs of radionuclide solubilities
in disposal-room brine, and a second panel on radionuclide retardation in
the Culebra provided estimates for distribution coefficients (Trauth et
al., 1992). Members of the source-term panel concluded they could not make
judgments about suspended-solids concentrations because of a lack of
experimental data and consequently limited knowledge on colloids and their
formation. The retardation panel estimated distribution coefficients (Kgs)
for fracture clays and matrix dolomite using available data. Experimental
programs have been initiated that will provide WIPP-specific data on both
the source term (dissolved species and colloids) and retardation in the
Culebra (US DOE 1992a,b).

The 1992 WIPP performance assessment selected 49 imprecisely known
variables (including, for example, uncertain material properties of the
waste, the Salado Formation, and the Culebra Dolomite) for consideration in
the human-intrusion scenarios (Volume 3, Tables 6.0-1, 6.0-2, and 6.0-3 of
this report). Values sampled from the distributions assigned to these 49
variables were used to construct 70 vectors of sampled parameters to use in

Monte Carlo simulations. Sampled values for each of the 70 vectors are

4-13



© ® N O O s W N =

W W N MDD NN NN NN s 2 e s

Chapter 4. Performance-Assessment Methodology

presented in Volume 4 of this report. Because 2 different scenarios were
analyzed explicitly (E2 and E1E2), performance estimates reported for each
conceptual model considered are based on 140 realizations of the full

modeling system.

4.3.3 Generation of the Sample Elements

WIPP performance assessment uses a stratified sampling technique
called Latin hypercube sampling (LHS) that ensures full coverage of the
range of each sampled variable (McKay et al., 1979). The range of each
variable is divided into N intervals of equal probability, and one value is
randomly selected from each interval. The N values of the first parameter
are randomly paired with the N values of the second parameter, and so on,
until N sample elements (vectors) are obtained. This procedure ensures
that the distribution tails are sampled and is a more efficient technique
than simple random sampling in that fewer sample elements are required for
a Monte Carlo analysis. The size of N (70 for the 1992 performance
assessment) is selected based on the observation that a sample size of 4/3
times the number of sampled parameters is generally sufficient to capture
variability in independent input parameters (Iman and Helton, 1985).

Most of the uncertain variables that were sampled during the 1992
performance assessment were assumed to be independent, although some are
expected to be correlated in some way. For example, local porosity is
probably correlated with local permeability in most media, but the
correlation structure is unknown. Controlling correlation within a sample
for Monte Carlo analysis is important to ensure that uncertainty and
sensitivity analysis results are meaningful. WIPP performance assessment
uses a rank correlation (i.e., on rank-transformed variables instead of on
the original raw data) technique that effectively captures variable linkage
while maintaining the integrity of the LHS intervals (Iman and Conover,
1982; Helton et al., 1991). However, the correlation structure for most of
the uncertain variables that are expected to be correlated has not yet been
adequately addressed. Future performance assessments will test approaches
for dealing with these unknown correlations.
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5. RESULTS OF THE 1992 PRELIMINARY COMPARISON
WITH 40 CFR 191, SUBPART B

Results from the 1992 preliminary performance assessment are presented
for informal comparison with the Containment Requirements and the
Individual Protection Requirements of the Standard. Although not based on
the 1992 preliminary performance assessment, the status of preliminary
compliance with the Assurance Requirements and the Groundwater Protection
Requirements is also discussed.

5.1 Containment Requirements

Compliance with the Containment Requirements is evaluated using CCDF
curves that graph exceedance probability versus cumulative radionuclide
releases for all significant scenarios. Results presented here are not
suitable for final compliance evaluations because portions of the modeling
system and data base are incomplete, conceptual-model uncertainties are not
included, final scenario probabilities remain to be determined, the level
of confidence in the results remains to be established, and the final
version of the Standard has not been promulgated. Uncertainty analyses
required to establish the level of confidence in results will be included
in future performance assessments as advances permit quantification of
uncertainties in the modeling system and the data base.

5.1.1 Previous Studies

Preliminary comparisons of the estimated performance of the WIPP with
the Containment Requirements have been published iteratively since 1989
(Marietta et al., 1989; Bertram-Howery et al., 1990; WIPP PA Division
1991a). Annual sensitivity analyses have helped identify areas where
improvements in the modeling system can increase overall confidence in the
performance estimate (Helton et al., 1991, 1992), and each subsequent

iteration of performance assessment has represented a significant advance
over the preceding iteration.

The 1991 preliminary comparison indicated that, for the conceptual and
computational models, parameter values, and scenario probabilities believed
by the WIPP PA Department at that time to best represent the behavior of
the disposal system, the mean CCDF lay an order of magnitude or more below
the EPA compliance limits (WIPP PA Division, 1991a). As is also true for
the 1992 preliminary comparison, the 1991 performance estimate could not be
considered defensible for a final compliance evaluation. Results of
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Chapter 5. Results of the 1992 Preliminary Comparison
With 40 CFR 191, Subpart B

uncertainty and sensitivity analyses conducted as part of the 1991
performance assessment have, however, provided valuable guidance to the
Project as it moves toward a final compliance evaluation.

5.1.2 1992 Preliminary Comparison

The 1992 performance assessment has concentrated resources on analyzing
the impact of specific sources of uncertainty on the performance estimate.
Fewer times of intrusion have been considered (to allow allocating
resources to simulation of alternative conceptual models), and the 1992
results are therefore less suitable in that sense for direct comparison to
the EPA limits than were the 1991 results. In all other ways, however, the
1992 performance assessment reflects a more realistic representation of the
future behavior of the disposal system. As described in Chapter 4 of this
volume and Volume 2 of this report, major modeling improvements have been
made in coupling creep closure of the repository to gas pressurization, in
accounting for spatial variability of transmissivity in the Culebra
Dolomite Member of the Rustler Formation, and in simulating radionuclide
transport in the Culebra. As described in Volumes 2 and 3 of this report,
other improvements have been made throughout the modeling system and the
data base. As described in Chapter 4 of this volume, improvements remain
to be made in many areas, including modeling of possible pressure-dependent
fracturing of anhydrite interbeds in the Salado Formation, modeling of
three-dimensional groundwater flow in the Rustler Formation, modeling of
gas-generation processes, and acquisition of experimental data for actinide
solubilities and retardations.

The 1992 preliminary comparison examines uncertainty resulting from
imprecisely known values for input parameters and the impact of two
additional sources of uncertainty: the probability of human intrusion, and
the choice of conceptual model for transport in the Culebra. Past
preliminary comparisons have shown that the location of the mean CCDF is
sensitive to assumptions made about both sources (Bertram-Howery et al.,
1990; Helton et al., 1992). Because the emphasis here is on the relative
position of the CCDFs calculated with each set of assumptions, all figures
shown here are comparisons of two or more CCDFs calculated using either
different probabilities or alternative conceptual models (see Section 3.3.4
of this volume for definitions of conceptual model and alternative
conceptual models). For simplicity, only mean curves are shown. The
complete families of CCDFs (with a single curve for each of the 70 vectors)
will be shown in an appendix of Volume 4 of this report for each case
considered, together with summary plots showing the mean, median, 10th
percentile, and 90th percentile curves. Analyses of uncertainty resulting
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from imprecisely known values for input parameters are provided in Volume 4
of this report.

5.1.2.1 CASES CONSIDERED FOR ANALYSIS IN 1992

Cases considered for analysis were defined on the basis of the choice
of probability model for human intrusion (fixed rate constant versus time-
dependent rate constant based on expert-panel judgment), the mode of
release (cuttings versus subsurface transport), and the choice of
conceptual model for radionuclide transport in the Culebra (single porosity
versus dual porosity, with and without chemical retardation). All cases
are compared ceteris paribus, and all computational models and parameter
values (both fixed and sampled), except those used in the conceptual models
being compared, are identical throughout. All releases from groundwater
transport are calculated at the subsurface projection of the land-
withdrawal boundary (see Section 1.1 of this volume), 2.4 km south of the
southern waste panels. Travel paths in the sampled transmissivity fields
are not straight lines, and are somewhat greater in length than the minimum
2.4 km (LaVenue and RamaRao, 1992).

5.1.2.1.1 Intrusion Probability Models

The intrusion probability models are described in detail in Volume 2,
Chapter 5 of this report. Both are based on the assumption that intrusion
events will follow a Poisson process, and be random in time and space. One
model, referred to as the "constant A" model, is identical to that used in
1991 (WIPP PA Division, 1991a,b). The rate constant XA used in the Poisson
model is assumed to be time-invariant, and is sampled from a uniform
distribution with a range from zero to a maximum value that allows 30
boreholes/km2 in 10,000 years. This upper limit is the number suggested by
the EPA in Appendix B of the Standard as the largest probability of
intrusion that need be considered (US EPA, 1985, p. 38089), which occurs in
the Poisson model with a low probability. For the 70 vectors used in the

1992 analyses, the largest number of intrusions in the 0.5 km? of the
waste-disposal area was 10, rather than the potential maximum of 15.

Guidance from the EPA in Appendix B of the Standard indicates that the
DOE "should consider the effects of each particular disposal system’s site,
design, and passive institutional controls in judging the likelihood and
consequences of ... Inadvertent exploratory drilling" (US EPA, 1985, p.
38089). The second probability model, referred to as the "time-dependent
A" model, reflects the judgment of two expert panels convened by the WIPP
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Performance Assessment Department to evaluate the likelihood of intrusion
(Hora et al., 1991; memorandum by Hora in Volume 3, Appendix A of this
report). Specifically, these panels considered (1) future societies and
their means and motives for intruding into the WIPP, and (2) the design and
potential efficacy of passive markers that might deter such intrusion.
Judgment elicited from these panels was used to construct an alternative
probability model for human intrusion (memorandum by Hora in Volume 3,
Appendix A of this report). Two important aspects of the model need
emphasis. First, the expert panels did not believe intrusions were equally
likely at all times during the 10,000-year period; the rate constant A
therefore varies as a function of time. Intrusions are in general more
likely at early times. The panel judged that exploratory drilling and
hydrocarbon development would be likely to end in the next 300 to 500 years
because of resource depletion and/or shifting from a hydrocarbon-based
economy. Second, the expert panels concluded that intrusion was not as
likely as suggested by the EPA’'s guidance on the maximum number of
boreholes. The overall probability of intrusion based on the expert
judgment is significantly less than that predicted by the constant A model;
the largest number of intrusions occurring in 10,000 years in any of the 70
vectors using the time-dependent X model was 4.

5.1.2.1.2 Mode of Release

As in previous performance assessments, the 1992 results include two
modes of radionuclide release following human intrusion. Particulate waste
intersected by the drill bit (cuttings) and eroded from the borehole wall
by circulating drilling fluid (cavings) will be brought directly to the
ground surface. The radionuclides contained in this material are
collectively referred to here as cuttings. Radionuclide releases to the
accessible environment may also occur in the subsurface, as a result of
brine flow up the borehole and laterally through the Culebra. Modeling of
both pathways is described in detail in Volume 2 of this report.

Cuttings releases, which reach the accessible environment immediately
following intrusion, are sensitive to the radiocactive decay history of the
inventory during the first 1000 years after decommissioning. Subsurface
releases, which require a relatively long period of transport to the
accessible environment, are believed to be less sensitive to the time of
intrusion because decay will continue to occur during transport. The 1992
performance assessment therefore uses different times of intrusion for
cuttings and subsurface releases. Greater resolution is provided for
cuttings releases, with intrusions considered at six times (100, 175, 350,
1000, 3000, and 7250 years after decommissioning). Only a single intrusion
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time (1000 years after decommissioning) is considered for subsurface
releases. This is the same intrusion time used in sensitivity analyses for
groundwater transport used in the 1991 performance assessment (Helton et
al., 1992).

5.1.2.1.3 Alternative Conceptual Models for Radionuclide Transport in the Culebra

Radionuclide transport in the Culebra is described in detail in Volume
2, Section 7.6 of this report. Three alternative conceptual models are
considered here. These alternative conceptual models are defined on the
basis of the presence or absence of chemical retardation, the presence or
absence of clay linings in fractures, and the presence or absence of
effective matrix porosity.

In the first conceptual model, referred to as the "fracture-only, Kg=0"
model, the Culebra is treated as a single-porosity medium with transport
occurring only in fractures without clay linings. Distribution
coefficients (Kgs) are assumed to be zero, and neither physical nor
chemical retardation occurs. This model is not believed to be realistic
and is not supported by available data (Kelley and Pickens, 1986; Saulnier,
1987; Beauheim, 1987a,b, 1989; Jones et al., 1992). The model represents
one endpoint of a continuum of possible models, and is examined to provide
insights about the potential uncertainty introduced into the performance
assessment by the lack of knowledge about transport processes in the
Culebra.

The second conceptual model, referred to as the "dual-porosity, Kg=0"
model, treats the Culebra as a dual-porosity medium, with transport
occurring in clay-lined fractures and diffusion occurring into the pore
volume of both the clay lining and the dolomite matrix. Distribution
coefficients (Kgs) are assumed to be zero, and no chemical retardation
occurs. The dual-porosity model is supported by available data from well
tests (Kelley and Pickens, 1986; Saulnier, 1987; Beauheim, 1987b,c, 1989;
Jones et al., 1992). Chemical retardation is believed likely to occur

(Trauth et al., 1992), but experimental data are not available to provide
defensible estimates of Kgs. This model is examined in part in fulfillment
of the requirements of the Agreement for Consultation and Cooperation
between the Department of Energy and the State of New Mexico (US DOE and
the State of New Mexico, 1981, as modified), which states that "[i]n the
absence of experimentally justifiable values, Kgq will equal zero, i.e., no
credit for retardation will be taken in the performance assessment
calculations.™
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The third conceptual model, referred to as the "dual-porosity, Kg=0"
model, is identical to the second conceptual model except that chemical
retardation does occur by sorption in both the clay linings and the
dolomite matrix. The WIPP Performance Assessment Department believes that
this model provides the most realistic representation of radionuclide
transport in the Culebra. The model cannot, however, be fully supported by
available data, nor can the alternative conceptual models presented above
be fully refuted at this time. Experimental programs, including
laboratory-scale radioactive tracer tests in progress in core samples from
the Culebra (US DOE, 1992b, and references cited therein) and
nonradioactive tracer tests planned for well locations in the Culebra
(Beauheim and Davies, 1992), will provide data to reduce uncertainty in the
conceptual model for transport in the Culebra.

These three conceptual models do not represent all possible
combinations of the three criteria used to define the transport model.
Dual-porosity models are also possible in which either clay linings or
matrix porosity are absent. Results calculated using these models are
discussed in Volume 4 of this report, together with more detailed analysis
of the three conceptual models examined here.

5.1.2.2 RESULTS OF THE PRELIMINARY COMPARISON WITH THE CONTAINMENT REQUIREMENTS

The uncertainty introduced into cuttings releases by the choice of
intrusion probability model is displayed in Figure 5-1. Cuttings are
calculated for six times of intrusion. Probabilities are lower for the
time-dependent XA (At) case. As in previous performance assessments,
plateau-shaped steps in both curves reflect the use of different activity-
load categories (Helton et al., 1992). The larger number of intrusions
occurring for the constant XA (Xy) case results in a smoother appearance.
Curves converge at low probabilities because those portions of the mean

CCDFs are dominated by releases from the low-permeability intrusions that
intersect waste of the highest activity levels.

Cuttings releases were recalculated for a single time of intrusion 1000
years after decommissioning to permit useful comparisons and combinations
with the subsurface releases calculated for intrusion at the same time.
Comparison of the cuttings-only CCDFs calculated for the constant X case
for six times of intrusion and a single time of intrusion provides a
measure of the information gained by considering releases from intrusions
at multiple times (Figure 5-2). Both probability and magnitude of
normalized releases are increased by less than one order of magnitude when
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Figure 5-1. Mean CCDFs calculated for cuttings releases only for six
intrusion times. Two Poisson models for the probability of

human intrusion are compared: one (Ag) is a constant X model
in which a maximum of 30 boreholes/km2 may occur in 10,000
years; the other (At) is a time-dependent A model in which the
Poisson rate constant A was based on expert panel judgment.

In both cases A was specified using a sampled variable that
was different for each of the 70 vectors used to construct the
CCDFs. Summed normalized releases are displayed using an
inverse hyperbolic sine scale, which differs from a
logarithmic scale only in the interval between O and 10-%4.
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intrusions at multiple times are considered. Although releases from
groundwater transport were not calculated for multiple time intervals in
1992, a similar comparison was made for subsurface releases from a dual-
porosity model in the 1991 performance assessment. Examination of Figures
4.1-2 (lower right frame) and Figure 5.1-4 (lower right frame) in Helton et
al. (1992) indicates that considering multiple time of intrusion (five
intervals in 1991) increases both probability and magnitude of low-
consequence releases less than one order of magnitude.

For the single-porosity, fracture-only conceptual model for transport
used in 1992, subsurface releases exceed cuttings releases in the low-
probability, high-consequence portion of the CCDF (Figure 5-3). The
smaller subsurface releases occur at a lower probability than the
comparable cuttings releases because not all intrusions resulted in
releases into the Culebra. No releases occurred in vectors where the
repository was not brine saturated at the time of intrusion and did not
completely resaturate with brine following intrusion, because brine from
the waste-disposal area did not flow up the borehole. Comparison of the
CCDFs for cuttings and subsurface releases indicates that, if the effects
of neither physical nor chemical retardation in the Culebra are included in
the analysis, radionuclide transport in the Culebra may be the mechanism
most likely to affect compliance with § 191.13 (Figure 5-3a). Even for the
higher probability, constant X case, however, the mean CCDF for cuttings
and subsurface combined transport lies below the EPA limits (Figure 5-3b).

Use of the dual-porosity, Kg=0 conceptual model for radionuclide
transport results in a reduction of subsurface releases compared to those
estimated using the single-porosity model (Figure 5-4). For the constant X
case, the inclusion of physical retardation (but not, in this example,
chemical retardation) shifts the location of the mean CCDF significantly in
the region likely to affect regulatory compliance. For the time-dependent
A case, the lower overall probability of intrusions causes the main
divergence between the single- and dual-porosity curves to occur at low
probabilities, off the scale used here. This observation suggests that

compliance with § 191.13 may be less sensitive to assumptions about the

conceptual model for transport in the Culebra for lower intrusion
probabilities.

Including the effects of chemical retardation as well as physical
retardation (the dual-porosity, Kg=0 conceptual model for transport)
results in releases that are further reduced below those estimated assuming
only physical retardation (Figure 5-5). Subsurface releases for the Kg=0
conceptual model are less than the estimated cuttings releases at all
probabilities (for the time-dependent X case, the mean CCDF indicates no
releases at this scale); the location of the mean CCDFs is determined
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Comparison of mean CCDFs for cuttings releases and releases
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entirely by the cuttings releases (compare to Figure 5-3a). Kg values used
in these calculations were sampled from the same ranges used in the 1991
performance assessment, and are based on judgment elicited from a panel of
SNL experts. Kg values used in a final compliance evaluation will be based
on experimental data (US DOE, 1992b, and references cited therein).

5.1.2.3 DISCUSSION OF THE 1992 PRELIMINARY COMPARISON WITH THE CONTAINMENT
REQUIREMENTS

Results presented in the preceding section are consistent with the
conclusion made in previous preliminary comparisons that performance
estimates for the WIPP lie below the limits set by the Containment
Requirements (Bertram-Howery et al., 1990; WIPP PA Division, 1991a). As
illustrated in Figure 5-6, consideration of alternative models for the
probability of human intrusion and radionuclide transport in the Culebra
provides insights into the relative impacts on performance of specific

components of the natural barrier system and institutional controls at the
WIPP.

The uppermost CCDF in Figure 5-6, labeled "Total, Single Porosity +
Cuttings, Ag" and calculated using the single-porosity and constant A
models, represents an estimate of the performance of the disposal system
with very little contribution from the natural barrier provided by
retardation in the Culebra and no contribution from the potential
institutional barrier that could be provided by passive markers, as
required by the Assurance Requirements. For the modeling system and data
base used in 1992, the mean CCDF for this case lies below the EPA limits.

The segments of a CCDF shown with a dotted line and labeled "Total,
Discharge from Borehole + Cuttings, A" display performance with no
contribution whatsoever from retardation in the Culebra. This CCDF is
unlike all others shown in this volume in that releases are not calculated
at the accessible environment, and therefore is not suitable for

comparison, preliminary or otherwise, with the Containment Requirements.

The curve displays releases directly into the Culebra (with cuttings also
included) from boreholes occurring at 1000 years, and therefore provides an
estimate of total releases if subsurface transport to the accessible
environment were instantaneous and complete. The curve shows repository
performance estimated with contributions from only the natural barrier
provided by the Salado Formation and the engineered barrier system.
Instantaneous and complete transport in the Culebra is physically
unrealistic, and this curve is displayed only for the purpose of comparison
with the curve described in the previous paragraph, which was calculated
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Individual Protection Requirements

using the single-porosity and constant A models. The two curves are
identical for most of their lengths. The differences between the curves
are caused by radioactive decay during transport, and rapid transport in
the single-porosity transport model in effect allows all sufficiently long-
lived radionuclides that enter the Culebra to be released to the accessible
environment within the 9000 years following intrusion.

The CCDF in Figure 5-6 labeled "Total, Dual Porosity + Cuttings, Kg=0,
Ao, " represents an estimate of the performance of the disposal system if
physical retardation by diffusion into the pore volume of the Culebra is
included as a part of the natural barrier system. The area between the
first and second CCDFs is a measure of the potential regulatory impact of
including physical retardation. Similarly, the next CCDF in Figure 5-6,
calculated using the dual-porosity, Kg=0, and constant X models, represents
an estimate of the performance of the disposal system if both physical and
chemical retardation in the Culebra are included in the natural barrier
system. The location of this third curve is determined entirely by
cuttings releases.

The final CCDF in Figure 5-6, calculated using the dual-porosity, Kg=0,
and time-dependent XA models, shows the effect of including expert judgment
on the efficacy of passive markers in reducing the probability of human
intrusion. This final CCDF, also determined entirely by cuttings releases,
was calculated using what the WIPP Performance Assessment Department
believes at this time to be the most realistic conceptual model for the
disposal system, based on models and data available in 1992. As indicated
previously, results are preliminary, and none of the curves shown in Figure
5-6 are believed sufficiently defensible for use in a final compliance
evaluation.

5.2 Individual Protection Requirements

The Standard requires that an uncertainty analysis of undisturbed
conditions be performed to assess compliance with the Individual Protection

Requirements. 1In the case of the WIPP, the performance measure is dose to

humans in the accessible environment.

Thus far, evaluations indicate that radionuclides will not migrate to
the accessible environment boundary during 1000 years. Therefore, dose
calculations are not expected to be a part of the WIPP assessment of
compliance with the Standard. However, Subpart B is in remand.
Performance assessments will continue to evaluate compliance with the
Individual Protection Requirements of the 1985 Standard until a revised
Standard is promulgated.
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5.2.1 Previous Studies

Three previous studies reported doses to humans resulting from
hypothetical releases from the WIPP for selected scenarios (US DOE, 1980a;
Lappin et al., 1989, 1990). Although these studies employed deterministic
calculations and were not concerned with assessing compliance with the
Individual Protection Requirements, they had an important influence on the
design of probability-based dose calculations. An uncertainty analysis of
undisturbed performance was performed in a methodology demonstration for
WIPP performance assessment (Marietta et al., 1989). The relative
importance of various phenomena and system components was examined through
sensitivity analyses of four different repository/shaft models for
undisturbed conditions (Rechard et al., 1990b). Calculations for
undisturbed performance of the repository were not updated in the 1990
preliminary performance assessment (Bertram-Howery et al., 1990). However,
information about possible effects of gas generated within the repository
was obtained from the assessment of disturbed performance.

The approach adopted for the 1991 preliminary performance assessment
was to perform deterministic calculations to verify that, using the 1991
modeling system, previous conclusions of no releases in 10,000 years were
still valid. First, a two-dimensional horizontal simulation to assess the
migration of brine from the repository into the intact portion of MB139 was
performed. The calculation estimated the spatial scale that passive,
neutrally buoyant particles would be transported in advecting brine as a
result of maximum gas-generation rates in a waste panel. Second, a two-
dimensional simulation of a vertical section of the repository from waste
panels to the closest shaft was performed to assess migration of
radionuclides through the DRZ, panel seals, and backfilled excavations.
The calculation estimated the extent that radionuclides would be
transported in brine flowing toward and upward through sealed shafts as a
result of the pressure gradient between the Culebra Dolomite and a waste
panel that is pressurized with waste-generated gas. Least favorable bounds
for important parameter values (e.g., an inexhaustible source, no decay, no

retardation, the same solubility limit for all radionuclides, etc.) were
assumed.

Results of the horizontal simulation showed concentrations at 120 m
from the panels in the intact MB139 after 10,000 years to be 1 percent of
the source. Results of the vertical simulation including the shaft showed
EPA normalized sums (consequences) at 10,000 years of less than 10-2 at
20 m up the shaft and less than 10-3 at 50 m up the shaft. The 1991
preliminary performance assessment indicated that no significant releases
occur at the shaft/Culebra intersection at 10,000 years.
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Sensitivity analyses of gas and brine migration provide further support
for the preliminary conclusion that radionuclides will not migrate to the
accessible environment from the undisturbed repository (WIPP PA Department,
1992). These analyses of 10,000-year undisturbed performance used a two-
dimensional vertical cross-section of the repository that included a
simplified representation of the shaft and shaft-seal system, and examined
flow of both brine and gas up the shaft and horizontally through anhydrite
interbeds toward the accessible environment. Analyses did not include salt
creep or pressure-dependent fracturing of anhydrite interbeds. Because
these analyses were primarily designed to provide guidance to the WIPP
Project for use in developing a strategy for evaluating compliance with the
RCRA (specifically, with 40 CFR 268.6, which states the conditions for land
disposal of hazardous wastes), emphasis was placed on gas migration, and
radionuclide transport was not included in the calculations. However, in
the selected analyses in which brine flow was tracked from the waste
panels, no brine that had been in contact with waste migrated past the
disturbed rock zone in 10,000 years. Because the only significant
transport of radionuclides from the WIPP will occur in brine, analyses of
brine migration provide an approximation of the maximum distance
radionuclides may travel.

5.2.2 1992 Preliminary Comparison

Results of the 1992 preliminary performance assessment for informal
comparison with the Individual Protection Requirements will be reported in
Volume 4 of this report.

5.3 Assurance Requirements

As prescribed in the Agreement for Consultation and Cooperation with
the State of New Mexico (US DOE and State of New Mexico, 1981, as
modified), the WIPP Project has prepared a plan for implementing the
Assurance Requirements of the 1985 Standard (US DOE, 1987). The plan is

preliminary because methods and technologies could evolve over the waste-
emplacement time frame. A draft of the revised Assurance Requirements Plan
(US DOE, 1987) is in review; however, the information in the following
sections is from the 1987 version unless otherwise noted. In accordance
with the Project’s interpretation of the EPA's intention, the Project will
select assurance measures based on the uncertainties in the final
performance assessment. The current plan includes definitions and
clarifications of the Standard as it applies to the WIPP, the
implementation objective for each requirement, an outline of the
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implementation steps for each requirement, and a schedule of activities
leading to final compliance. Additional information on markers as passive
institutional controls comes from performance-assessment activities using
expert panels.

5.3.1 Active Institutional Controls

Active institutional controls are expected to include evaluation of
land use in the WIPP area; maintaining fences and buildings and guarding
the facility during active cleanup; decontamination and decommissioning;
land reclamation; and post disposal-phase monitoring. The objectives of
these activities are to provide a facility and presence at the site during
active cleanup; to restore the land surface as closely to its original
condition as possible to avoid future preferential selection of the area
for incompatible uses, if restoration is deemed desirable after
consideration of the results of the expert panel on markers (see Section

5.3.3 of this volume); and to monitor the disposal system.

Performance assessments may assume that active control is maintained
for 100 years; in the 1992 calculations, no intrusions are assumed to occur
during the first 100 years after decommissioning.

5.3.2 Disposal-System Monitoring

Monitoring is required until no significant concerns need to be
addressed by further monitoring. The objective of the monitoring program
is "to detect substantial and detrimental deviation from the expected
performance of the disposal system" (§ 191.14(b)). Monitoring activities
will be identified during the course of the performance assessment, but are
likely to include monitoring of hydrological, geological, geochemical, and
structural performance. Monitoring that jeopardizes the isolation
capabilities of the disposal system is not allowed. Numerous survey
monuments have been installed to monitor subsidence as an indicator of
unexpected changes in the disposal system.

5.3.3 Passive Institutional Controls

The Project will implement passive institutional controls over the
entire controlled area of the WIPP. Passive institutional controls include
markers warning of the presence of buried nuclear waste and identifying the
boundary of the controlled area, external records about the WIPP

repository, and continued federal ownership. The EPA assumes in the

5-18



© ® N O g & WO N =

n NN RN RN D RN RN = o A o ok i ek e e
(\']’88&’8%88800m’o:cn-hwm—notoooﬂmmbmmao

b b A B W W
H W NN -~ O © ®

Assurance Requirements
Passive Institutional Controls

guidance to the Standard that passive institutional controls will reduce
the possibility of inadvertent human intrusion into the repository.
Compliance evaluation for the Standard must address the potential for human
intrusion and the effectiveness of passive institutional controls to deter
such intrusion.

To address the issues of markers for the WIPP, two expert panels were
established. Members of the first panel identified possible future
societies and how they may intrude the repository, and also developed
probabilities of future society development and of various intrusions (Hora
et al., 1991). The possible modes of intrusion identified by the first
panel were provided to a second panel as an aid in developing design
characteristics for permanent markers and judging the efficacy of the
markers in deterring human intrusion. A report about the "markers" panel
is currently being prepared. 1In addition, a report is in preparation that
describes past efforts at developing barriers to human intrusion, as a
complement to the markers.

Records will be preserved of the disposal site and its contents. The
expert panel on intrusion into the repository considered the impact of
records preservation on intrusion rates and probabilities (Hora et al.,
1991). The panel indicated that records should specify techniques for
borehole plugging in the event that exploratory drilling caused an
intrusion. Such techniques could be incorporated into legal records
together with the description and location of the disposal system. The
records could also contain a warning about the potential effects of
drilling through the repository and into pressurized brine in the Castile
Formation.

In accordance with Appendix B of the Standard, the DOE or some
successor agency is assumed to retain ownership and administrative control
over the WIPP area. The federal agency responsible for the land will
institute regulations that appropriately restrict land use and development.
Acreage around the WIPP is owned by the Federal government and currently
administered by the DOE. The area within the land-withdrawal boundary for
the WIPP is withdrawn from all forms of entry, appropriation, and disposal
under the public land laws, including the mineral leasing laws, the

geothermal leasing laws, the material sale laws, and the mining laws
(Public Law 102-579, 1992, Section 3). With respect to drilling, the DOE
has control of the acreage within the land-withdrawal boundary from the
surface to 6000 ft (1830 m) in the subsurface. Additionally, grazing may
continue to the extent that it is compatible with WIPP activities.
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Chapter 5. Results of the 1892 Preliminary Comparison
With 40 CFR 191, Subpart B

5.3.4 Muitiple Barriers

The Standard requires that both natural and engineered barriers be used
as part of the isolation system. At the WIPP, natural barriers include the
favorable characteristics of the salt formation and the geohydrologic
setting. Engineered barriers that will isolate wastes from the accessible
environment will include seals in repository excavations and bentonite and
crushed-salt backfill in waste-emplacement panels. The effectiveness of
these barriers is being modeled for the performance assessment to determine
if they will provide a disposal system that isolates the radiocactive wastes
to the levels required in the Standard. In addition, the Engineered
Alternatives Task Force has evaluated additional engineering measures for
the WIPP, should such measures be necessary (US DOE, 1990e, 1991d).

5.3.5 Natural Resources

The Standard requires that locations containing recoverable resources
not be used for repositories unless the favorable characteristics of a
proposed location can be shown to compensate for the greater likelihood of
being disturbed in the future. Evaluation of the natural resources in the
WIPP area centers on two issues: (1) the denial of resources that could
not be developed because such development might conflict with the long-term
goal of waste isolation, and (2) the attractiveness to future generations
of resources associated with the location. Future societies might attempt
to exploit natural resources near the WIPP and thereby create the potential
for a release of radionuclides into the accessible environment. These
issues have been evaluated in several reports (US DOE, 1980a, 1981; US DOE
and State of New Mexico, 1981, as modified; Brausch et al., 1982; Weart,
1983; US DOE, 1990d). A recent report summarizes these earlier reports (US
DOE, 1991c), and the DOE will continue to document information about
natural resources that was used in making the decision to proceed with the
WIPP Project.

5.3.6 Waste Removal

The Standard requires that disposal systems be selected so that removal
of most of the wastes is not precluded for a reasonable period of time
after disposal (§ 191.14(f)). A primary plan for waste removal during the
disposal phase of the WIPP (Subpart A of the Standard) has been prepared
(US DOE, 1980a). 1In promulgating the Standard, the EPA stated that to meet
the waste-removal requirement for the post-closure phase (Subpart B of the
Standard), it only need be technologically feasible to be able to mine the
sealed repository and recover the waste, even at substantial cost and
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Groundwater Protection Requirements

occupational risk (US EPA, 1985, p. 38082). The EPA also stated that "any
current concept for a mined geologic repository meets this requirement
without any additional procedures or design features" (US EPA, 1985, p.
38082, emphasis in original). Thus, the WIPP satisfies this requirement.

5.4 Groundwater Protection Requirements

The WIPP must comply with the Groundwater Protection Requirements of
the Standard by providing a reasonable expectation that radionuclide
concentrations in a "special source of ground water" will not exceed
specified values (§ 191.16; also see Section 3.6 of this volume).
Evaluations have indicated that the requirement is not relevant to the WIPP
because no groundwater near the WIPP within the maximum areal extent
designated by the Standard (Figure 3-4) satisfies the definition of a
"special source of groundwater."

Based upon the EPA definition of Class I groundwater (US EPA, 1984) as
used in the definition of special source of groundwater, for Class I
groundwater to be present at the WIPP, the groundwater resource must be
highly vulnerable to contamination because of the hydrogeological
characteristics of the areas under which the resource occurs, including
areas of high hydraulic conductivity or areas of groundwater recharge.
Either of the following must also be true: the groundwater must be an
irreplaceable source of drinking water, or the groundwater must be
ecologically vital.

The hydrogeological characteristics of the WIPP have been evaluated
through extensive ongoing investigations dating to 1975 (US DOE, 1990c¢).
Groundwater quality and the hydrologic conductivity of water-bearing units
at the WIPP are monitored and reported annually (Lyon, 1989). The most
transmissive hydrologic unit in the WIPP area is the Culebra Dolomite
Member of the Rustler Formation (see Chapter 2 of this volume and Volume 2
of this report). Hydraulic properties of the Culebra Dolomite have been
calculated from test holes in the vicinity of the WIPP (summarized in
Cauffman et al., 1990, and Brinster, 1991). Horizontal groundwater flow in

the Culebra away from the WIPP is generally to the south along a decreasing
gradient at a very slow rate. Based on hydrogeological studies in the WIPP
area, no geological units with high hydraulic conductivities that would
require special protective measures appear to be present (Marietta et al.,
1989; Lappin et al., 1989; US DOE, 1990c). 1If groundwater that is highly
vulnerable to contamination were present near the WIPP, it would not be

classified as Class I because it is neither an irreplaceable source of
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Chapter 5. Results of the 1992 Preliminary Comparison
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drinking water for a substantial population (Lappin et al., 1989) nor
ecologically vital (US DOE, 1980a, 199lc).

Even if Class I groundwater were present at the WIPP, the Groundwater
Protection Requirements would be relevant only if the groundwater were
supplying drinking water to thousands of persons at the date DOE selected
the site for development of the WIPP and if these groundwaters were
irreplaceable. At the time the DOE chose the WIPP location, and currently,
no source of water (including Class I groundwater) within 5 km (3 mi)
beyond the maximum allowable extent of the controlled area was supplying
drinking water for thousands (or even tens) of persons. Thus, even if
Class I groundwater were present, the Groundwater Protection Requirements
would not be relevant to the WIPP.
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